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(R 1225 6 db & 2Ee) ATRIOMERERRICIA > THARITA OV B I R ofsk. ZoZERo [ -1E
WV 2 ORI, BN O BN OND I G T LRI, (FEF 56 - HtE2)

HiEHIRkIc & N b, £ 2 CIHSRLHICE L, BRI ERFOBER)IIARESOH BN OILEIC X > TE
RS 722 U, BIAEOILHE UL ONIIRIZ AL H AL & 5 7R 7 A K> B fib#G Sz
BT 9 b .

FH 2P A H A PR HUER 2 35 1) D RF R AFEC, LR odi@ v, AR - Y& 1 BEIZ 381 2 AR, O P
B DHEMITIA D> TR F LTV DI1ED, 7 AlEE S, WE70ONE - SLEFHIK & HE 2o~
RERENRFEDOHND. T7bL, FIFICBTHY 7 AMEEMTT200mM THLDIZH LT, HHFIC
B DEEIT120 milicz R L5, ZOEE, RO PRI - Ty A k&2 120-100-
80m LIIRIKTFLTWADEHEELT, RFIIRKEVWEF 2.

. # F #

ARHIRI TS =AW T - RERE, R RO BB R ORI L > TSN TS, Zh
LIFEF - BHEICL ST, ZhENE L OHIE - HEEMICK Sy S d . AHUBR OB 2 #45 L T 2
RITRT.

DU 75+ B R AR gk v R o0 S LM 2 FE RSB & & biC, F OJEPH CILE IR B RSB AL TIRTE
L, BFIZW - THIRZE DEREZH LTS, BIRTHEHEIC T 5 U5+ R he L o,
WK YER T 1,200-1,600 m Tob 5. HIRERF L EEIE ZTERT 2 & & big, K@l - ER)ImARR
R ORI 1T B NRICE DR 6, HRIEINCIRIEYS 5. BEIRTHEH T8 5 Bl
JERE LI OVREE, MEKYER T 0-60 m Th 5. HBIURIZB LR - LM HCEE & OVE =8 2 AL L,
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ok EMRIER TR

g ER R =] Fr £ E A M
% | e | LR i R TRy W
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BT U 3% W W
s 0B AR (V) o
§§ iy | T RERER s B A RO R
| & KB TEARERET | BOH
W 0B E MR W (D) P
W i 97 00 B M R 0 (10 BB R
7 HWBE RS (1) R e
w o om ML B
e e i i Bt B AL
| ’ . . /‘ . . )
w | B AKERE | | &R R F et * L
PR | B TR | TR AR B R
E MR B i g W E) | Rt B R
KK B R B B
5 @ m T -
B n % o+ EH B WERETR - e - B8
v % N M T - RE R
it 5
® | "5 N W - e
=, £ B m BRI TN - 8
BN O g W DERETR
2 wolom
" = & R ERETE - BB
mOF g B
o % b HEDEEE - B8
% m ¥ # & B W - HEREER =
= 5
ﬁa ; Wz on I HEPEER - B - B
| -
L2 B W A E B H - EHEMEE - REESHR - B
i

AR Hdgk D@ 2 B o THMT 52, JESIF100 MU FTH %,
JUNFEEBIZIA < /3409 2 10 7+ BRIEREE, HERE X b, b & v @ (Ee LCailiid) - #M
- B — AR (EL LTEHBE=R) TR SN TE 72, ARHko i n+RIghis, k—fS L CHE
e, THREELTIAMBHICEEND EBEXLN TV, KT, @i LB Iz
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THBFSOFENTM SN (T, 1982). i LB 5 005 +RBRE, £ 0T e T
1, EATRIC HHBEIIC B RERBENPRO LN SE. T2bD, T TE L CEAESE & i
BEHRY, Em - EROEERE UL, SRS E 2L TWD 2 EREW. ZHUTHMH#IC
VEIEFEE LA - S TH Y, RIS A B O L Al &S, ZAUSKE L CE I L S
&, W - BEOENEWE IS NERAICEEL, BEEEEST Yy — b EER D, F, H
FOEHIT AR e LChdtimo—BaEr 2 A L, R ERER T, 5 A A o R A = L
TWD. ZOX D BT, TWINCRIT 20 HREREL L3RR R b 0T, ARG TIE, 2o
HOAT A i HE & PEOY, B & X L7

E IR RS T O BEFTHC E D9 =R A T 2 HUERET, 7 L3R (B i 5 IR Hg LR
0B BIRPEEACE GEREHIELAL) 127z o C, AUV CR 5040 LTV 5. ARIEHISIEZ 01F
EFRIBIZY Y, BB R bIRA 0T 5 & 2 AT, TORERILELKIEHIEE TRATND.
ARHIL O B IR AR, BREEUE TS - TEa R OBEE 2 £ T2 THE, a0 AHERE =L T2
hERRE, RO &R AN E R 5 EEEICRBI SN D, T b OKEHIE, Sz 5
FE (52 ORT~OEHHERE LT, ZoE)IIEIMIITRESELLTND. Thbb,
FEEOBEAT A CIL RO S, AU A ) HORIEN N L2y IR L T 5. FHEHESR A
O EALoYRSE () 1F, LM TIETMEORES A O THEL TODA, B> TRIELTY
. =0 Lo (BEAEFE) 13, SR HEHT T bREEL TV D2, LRITIIAICRIEL, M
PITI < lET 5 28, B BRIEHE T L A SRR bR, EREIE A R IR
O BT D RIENFEFE T, AREESESEEL THDA, KIENLEETIT#< 20, FRic
EHESATECIXE LB T 5. AREN - KIENLACTIE < A9 5 EfE L, KIE) LR O Tiis
<ABDH BN,

I B ATHIRIE, MR & - C— v M) Db e s GERIEHDSALELAIL) , — > W)
LARE, ANV B Ao B e (133 AR B i M D 423 e OVZE [ MUk R 30) , S OV 1 L3R & s &
Ak (B 1 SRR LR o 3HIC KRB S5, AL I, ISIEEE ARV BRI
Bbh, BREHIIEE A PERBCBHTI0RTHS. £, RERO LM, RIEHEERT
X100 ML FCTh 5. iRk TiX, K EREEE £ U, KIEN —ARE)EHEEZ BRIE, Bt
BN TV RWEANRZ . $7, BIEEREO ERmEE, JEESEZRFIZIS0mLL FTho. Ml
M) 2 B IR @RS 700 m 2B X D LW L2 Bk L, BEmITBD e, 2o X 5 7k
T 7 2 1, By AR A A2 51T XTI R B ZEZ R LTV D b0 & Bbhb.

BRI L UCHIMEHT A » TREHTER T 2 HAWRE & 2 L, fiiisEEdo shign
0, ZROWEIZ X o TER - ERMNZEL, ERMICEBZ2NLERL TS LR ADE2A
H5. Wi+ R & TR e A S U CERICEE T 2%, AHERIC IV, HiE o K
OIS b, Bl RE RS WVIEWRK LIZENDWEOARN RSN TND.

BB RIT BT O B L HERSY, IRTFER FICIRAE 2 SAHER L OB 2 TR 9~ 2 e Lok
MIA, FNHITEICE  OREFICK Sy SN D . AHIRICIS 1T D BB mHERS O )G 1%, X
IEHHE LA ALIZ B W TIAR 2B HIAZ R L TV A KBRS L —EDO b DO Th 5. —EICHREN S £
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NTWDAS, RESTIZRERHERY & B 5.

2T ARMETGRT D BN I, AU LTS K ODARS sk [ 47 o By mHEREA) <, RN RSB B
DIFRKINERIRE U, BN —HOUREOEMES LR L0 Th 5. KEl - ERIHAKRR E
DR VE LIS 205, BA I TIIEGED BN TWRY. £, ZOSIIIAEN RO
IR R CERIEHUSREH) ZAbRE L, — Ml IlaRLAETIIR O bhen. Zhb 0B RHEREm O -
AL ITFTE KRR OFT IR O KR T2 D, BIAw—25 LI TW DAY, ARHUE R Tl ST
W5,

B IRTATHAT T 380) 2 MR FOZIRERE L O T MM E 2, HERACHEBE AEBTE L T
W5, ZILHOHB AR L C, MR OTRRE L WEAE S L, RRK50 mIZEL TV DA, kit
R0y SR HERTA) & WP, ARHERI) IR & > TamiNIE Db TV 5 0T, AHUE X T3 X
DHITRENTW D, MRS I EHSCHIZR RS2 S X > T, B oMMy sh s

m. i 5+ %2 & it

m. 1 % W

W7+ RIEEAE, EHEALA S I 7z o TR E N7 LB 2 5TV B BV ARER C,
HWEMERINCEFEE RN S, BN HIUNE TR 0 LTV D, RKEEIIZ < oEMFEICE S
N, 0% UL T AEMEREREZ 2 LT 5. JUN TS - Bl o ER TR IC B 5 2
LWL L, AR - ORI E 272 LTV D (A, 1962,4 1372, 1982). 4 %7 (1982) (245
&, BIRRALE CIE, BRRME 25 BRI - C, FEEN (IR, ShPH (B8 =4d), A - ARH
(&85 = — HHTILGIY) OFRNKy SN TWD. FEERTOREERE T ClUREIIC A B L T
BY, ERAEHOERSE &8> TWDR, ZNLSNCITRABOREENT <, FEOMME &L EH Tk
D, 5EIA N Y—fGHH, B LLIFEN R VIERNERIEA A= T T\ 5.

AHIRO WG+ REREE, FE»OIECN  NEE (HH5R), L2 nEROEHEE (55 =) 12X
SEND. W2NER LIz OEITEMEE, (L2 N8 e FHEE TR BWEOERE T, L2k
BcEishs.

AHIR O+ R B, fBA (1962) (2L > THEMICET 2 EH =%, 4I:1F)> (1980, 1982) 12 &
STHIR— AR T 2 HE =R —PHR FE L, TNETNHEE STV, 1F (1982) 1, W/ N\
G OEHEH TS AR A2 R LA R R R L, 8% S RO A & ST Hs
IR AT 5 2 & @iz, £72, W NEEIE, R EER L U gk & L o RagEz
29288V, 2 OEIEO HEHE &R0, PN A T 7o #RR A & 3R (B )
AT 28T, BEHPARH L bRR>TWS. LEN-T, W NEF O Kk % &y & 5
LTAIT S (BF121K).
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7 Vd
£ [ S
22| Lilise|yg]
Feg +=| .2
| 8 7 FRE |
=g g.= it o
mES | s 25 B8
o CLER R
" 2 a |+
w2 E s .
i 2 Si o] = S T
Tys 4 E nj{ng » D M Mikado Belt
ﬁa@ & Nobeoka
185 | [EEdse 5]
TEHEER (~HH255) =3
Low.Cret.(~Up. Jura.) % Si
2
/
A R

Miyazaki district

HE=ZZRUEMNR
Neogene and Quaternary

m PR TER B AR
{ i Miocene granitic rocks
BAHP - HER

Paleozoic and Mesozoic
of Chichibu Terrane

12K SNSRI 2T+ REREO Ky KO (5 H1E, 1982% A H)
N-M-Y - U - \SJE, H o BORE, S:HEEE, T HHIE, Mk MRYE, K RsiE,
D:¥JIfE, U: BIEEFE, C: BMILE, Uc: W/ AEJE, Y@ ILZrJE, NT: ML, OT : Kk,
KF : TITITE, TF : FmiE
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m 2 N )\ & &

AJE L, AHIE G O L YA D HER T, 1T (1982) N NEE & F 0L TER & &
to. AHIBENICATT 2 MO+ RBHT TR THETH Y, O EORET D EUEOR MK,
B S TR B D . AR IRPERRZ P51 SIMR O A4 < i ) TR R S A, s L e R T
WEJE <, ALJ5 o KIENN K OFET OTERNC - TR < 72 2 LIS T 5. AR OB ST R OKTEN L
EeHRNUETERBRICEDRS. BHLTWH20 T, REEEIL 2,000 miZET 5.

JEITH 13 MO EMBIRT X 912, EREE & IRIE AT L2% < OO k=i, #ik
Flg% 2 LT 5. L UHUE O — i i s i (L i db5s ¢ N20-30° E, Hui© N-S, mif < N20-
50° W SEBE L, kL LTHEOMOINRE /2. HEOMERNT, 24L LTHRETH L2, KON
AR AS AV L 3 AR <, D ARIR O IIHIFE & ALE TR TH S

e T T (X2 b, BETIC 40-50° AT L TV A ks E A, LavL, ZOWEONKITAES
L, BHETHEDND ZLNEL, BHETIOWEZ RS Z LiTTa R

ARBITEROMEHEE ORI LY, EMEE CHRIND 6 SORRORBIZ ST bND. T
HORBAENBEROHEN TERNDOT, 22 TRERBOMEEZ L=y | LIER

1Zv k—A

R L, W NERBOR FEA /2 L, @ldEiEo Rz 200-500 m OiF THlR < SVRIZSART 5
g OWERNE 30-40° ETH L. RITHIREEEX 2T 2 XA LD ED LT A b ROSREGDEEIX
ENDBRLY, K=y b B PEICEEICE & BT A 52T 7oA A AL A e, BEIRCE D D Ik
Wb axET 5.

1z-v+—B

= ORI s AR S AL, @l L O AL BRI A 5. KIE) A R CIiE# 400 m TorAq
T8, EELHHRE T, A=y bOWMERE T IWEAEST 5720, K=y MIMRET
5.

azwyhk-C

TR OESE LD BROME EEMAERENHRY , JES 2-100 cm OFRES - ik OEEIKE X
BERE E A 2 (F141K). K=y MIARE L TIMRICHH L0528, NSRS 4 2 W ic g &
N, EMEMEMNERIZTS3 7 ny ZIThniD. PROT Ry Z713ENIEL, 40-70° OEAICTH
D0, D7 vy 71360-80" LRMHATH Y, SAiDEB . kT vy 7 TR W EOSER & 70T
Wi oI < TIHAMERZ R L, HOETITRBER CH H. S CIIBERA S Y, /S iz
fEo>TWn 5.

1=y k=D

A=y MIFEE LTHR Sh i EREROME EAMEE LAY, HokiiEs 29 2/8 X 20 m L
FoOZRERE L OB S 2 —@ite. LIEULIE, EX1mllE, EX2mUEOWEL X EETrA
T THERM S B D (55 15 ).
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F14K N NEE2Z=y FCOER L ZOHRICEREN D RIS (BEE)  (FSRITH 2 \EG 5 1.5 km)

15K N NEE=2=> FDOMEIEMERE a2 X (SS) (FRETH , \EFE T 1.2 km)

1=y h-E

AP THROAEDOE L=y FTHY, RE TR (F16X) 21 & L, HEMEKILE, HEH
A, Fr— b GEL7IX) 5. EEH 100 mBL EOEEMSE I, Oz WiE Tz, Lo Xk
DoATE AT Z EMZOD, WS OITREREADEICE - BEIREES CUITHE) % EFicfioZ &
2\, EIHEOERARIEST S &, WENER LIS &b, [FA—EEICEKENRObND &
NEN. K=y ML, HRXUT 12 ecm OBIROBEEES - v — MR ALNS. 71T (1982) 132



H16xl N NEE2=y NEOTHE REICEATLEAERE %< G (@RI \E)

FATX AN N\EE2=y NEOBRT v— F  (Emnrk R 3km)

DR NS TROMEIEAZHRE L TWND.
Amphilpyndax cf. plousios FOREMAN A. Sp.
Dictyomitra cf. multicostata ZITTeL D. Sp.

Stichonitra asymbatos FOREMAN
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a=v hk=F

W NEEHGORGAE 2y 2=y b THY, ATk, FEOR ERTHS. Aa=y FOlEE
WERETICAERERETEDNTEY, RERBOEIZOZMNIICEN TS, EIZHROH —H
Ritih s & VR BB O AR ELEN O ENS.

m. 3 W/ N\EEOHEEMEE

Al o P75+ R B O EMEEFHITN  NEEDO A & C, D, EDF=y MIHAiT 5. AKIE
OFFAND L2 N8 & 5 HEE I ITE S Z E L7220,

W \EE QBN ST R IE 2 B 2 Zilalos L B ORI EN DY, KL LTRY
TA M. BETOBEIZED L, BEROZ VIS DNEL OE, HillEa & RRAEE R
TRAETHD. FUUE, DALAARG E RO HeAEGHER S oD, A& OBERE DR
i, BESA, SR —a, A, WEA, FROICEBRENTHD ZERE, aEST 2
F AT R .

BREIOFER, LIZLIERL T4 MABE RO b OB RO B, ERIEASCEICEL 2 & O
TEOEREZHATE RN L BED, BERTEXZIRY T, ZORLIA MIESHI0mL Lo
DFLEFOBIRDE /3 2R L TN D

=y b= A=y b~ EOEMEIT, TOLETEZBE TH SN THED, HOHOITEED
TICEPE &, BREFECHE A E R THA BT 22 L1320, W \EFDO2=y A
L D, EOWSETIE, tho@ER Y 5o EFRGROEW A TE, WINbIEEETHD. WEESAE
DIRALBEIC L 2 EFHETIE, e L
TR BN R0 50, EIEIES K% b
T KU 72 HiL g oD WA [ HE L & i By X
no.

R & 7R BRI TITHIRIE S D3 SRR 128l
BENDHZENHD. F18MILHEFHT =
FASEALTE 2 km (FEFET & 55 [ AT O 55 54
FHE) OB IR RSB E RN O A RIS
TROLNDON/ NEE2=y F— A Dfl
ThbH. 2T, MEICELE (KF

NS, 0] 3 .
£atR) L 5" oA LHICHEHLEE ([MH0B) A
A A O A

N LTW5. ADRIZIFIENETH 5,
s e “

A A A B@%li%&:ﬁ@?ﬁ@ﬂb’(b\é.

AAAAA é %’E
18X N\ EE HF OMRIEE O PER % R T BRI O o ifi X

(R REHOEFRA) P A OB ORI EL% 5 20
RO 19 IR LT AT VWE R TES, %42 1% 40-50 cm

ADEOFEERFEIOMIIRT. O

PACIIMERE 40, FE240-60 cmRE Dkt
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F191Y 18D AT T HAIREE O

THL2PREN 1-2 m OME WM OWIE & FFotRisa 2 R o5, T, 8RN 1-2 m TR
LN OHEETHLNDLIETTHAMBEL MO0 H 5. HhOKTITELBHEA TR Y, WIRE
EWHOTN D, ZOBIIIERRICEA M EN B & RISTFAT2RRL PR OMNIZEIE R AE T TR
D, O EE L UTHIZHT TV, AONIZRHR OIS CRETIROFEN BN EL TS, e
PUTERS L CER->TEY, TOERY G2 HH05 (5 19 LT > TH) 23HERIRF O A7 & Il S 41
5.

B DEOEIGE &5 20 M RT. AHko & 512, = OBIHOHREE I OB ORY L I=E455 %
B LTHITEDL 2700, BHEICIIMREEORESEL L TWD. —d0kIIHRS (BHEICH-> TF
AAD (CBEZ T 72 [T E 7 IS4 LTl Y, SBEICH XS T2 185 Lol G521 IKFo®) &R
RIS 9 R < IOV (55 21 I o®) RO D. FidBEoM & EOBICHE > TR Y,
DODNARI 72K E SIT D20, FBH L TWAERY T, B8O LEEIEIRMERIZER 0.5-1 m ThH
. PO IZIE 0.5-1 m TRIZH > TREZR U235 3-4m bTH Y, BOLOIEHOMIEIZ
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20X Z518IXIF D BITII; DHIREES BBk L MRS DR IMS, 1RE-BLTHY, MkEso EfisL
L.

- PR EDRD

17 WIKBEDATPARA TS
HBRSLBNEOAN A

%21 FORDBEED A v T 03 HEBFROES (RF®) &R < MOy (RFE®) b5, toRH
BRI TR E B ZR (HH00) BNRLIS.
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%22 LIRSS OFRK MG 20 ©® 1TH4 T 5 b St CIFEE Uiz HBUE M ORI, (B I RFHE AK)

BRARIRAL
(Bulbous pillow)

C
. |
(Elongate pillow)

x\)
%5 231X MOIREESE DB R 3N (BALLARD and
MOORE, 1977) si% 4T - = ¥/ 1 X AR 4 739,

BELTK-TWA., #to I Ehicsiko
ISR E BN R (FE21RPB00) B3 5. th
DORETITEL 3-10 cm OEF EoE B 234
CTW5 (BE22[). ZHUIthRE OZBTE A H
HEL T, P o R EIVE AR E ICE b
HDTHD.

Z OB TR E O EFAro g% /5
TERTERVA, LK 100 m OREITIE D
DORCRVESS O FALORIKEE SR #EH L TR
v, ZOMEENT40-60°E THSH. tRIEED L
i OEANL 70-80°E TH Y, FALORERE H A
L0 LHFIKH I HARETHD. ZDOFEH
TH B D HOREE 1T 30° OfbE & 1E Y 7278
O, WHITW > THAL, KNHIR~ LB ER
STEbDLHEESND. — OO HEATIZH



24

NHLE MOREESHIHIMAL, HS05mM TREE 3 4AmMIIRET 2 LIMBARELI ALY, 20kt
AT EEIET 2 & & IS, TORMMAIIET 5. BICHEEOME R &, IR L= et onm
DMEIVT, REREOWENPEH LIROMBHITICRE L TWo7zb D EHESND

TS ORIREEE L. BALLARD and MooRE (1977) A37K{E 2,500-2,000 m DK PGP H fEREA T DRI
fE I E ST L 7= Elongate pillow (2 X< ELCTW 5. 1% 512 Xk % & Elongate pillow 1%, Fhikisa
DA Ee - T T 5 0 (Pillow cone) 23pRT % & &, ZORIEIC T HAiEE (Forest bed) Ot TH
Y, HIE W TS 5 5. £7- Elongate pillow O _EFAMEAL T T & 5 BRSSP i
F/NE WL (Bulbour pillow @ BARIREL) 25708 LT3 (35 231K). 45 21 OO R &1 A BRRIMERIC k&
EBLNTNIE, ZOBBREOH N TH Y, 55 19 MIWiE TR S A7 g/ N & <, FLOBiE 2 RF o 7ot
D—EIE Z OB D ATREMED B 5 .

m 4 (b 2 A JH

AR AR R M PR S B A2 43 AT 3 5 R DA B ¢, 35 & L CHE 300 m DA T A& Lt 2 TRk LT
WD, BRI R B Uz OB GEE, 1961), MRS R B Uz 0 EATEE (R
BPi3Ay, 1977), BIARENLHALENIC BT D10 BJE (11T, 1982) KU A KIEHISORF I C 31T 2 EA B
B ORBFIED>, 1976) & —HOME TH 5. RFIXEICERORET 5 Bk OVE S5 em R E O
EHOESERM AN OGRS, L LRSI O G TILBEB 03 2R3 <, HRHGICR T 5
AREREOBLINIES & KB LEEN S 0280 H 5. RO B RIXEHIE CIX, 5210 - T iy
UWEDE R O EUE LB N A § 5 48, ARIXIME IS ClImba o431 72 <, Fie lZE SHom- 4% 10 m
DIYAEIE K VR SH 10 em H 7 L OE BV B A RE Th 5. MEMICITES S WEES g
Lrx—fELTBAL, WEOHKRHEND OZM SEWEE L TORLE.

AJE O, P65 O RFFUR O i B i 258 U Cra At C, PR 83 5 2%, A
IR F5 1T BB - RO TR T L b —E Ligv. LavL, W N\EE & OBV ESY
WER A RT L ZANRELL, ZOEMOE) IRV CIEEIfEE & RO HIED > R RO L.

W TIXIEE A EWER & 725 (BB 13IK). L7223 T, BEARBITIEEE) NN - Tradbitk oot fbsn
Do v, RRIFHEIZ RS 2 ARBOKRESN, ZORIBITHY T EE260D. ThbL, FINC
105 WG HIZ Ko TOokORE O Ol S h, #ENRILLNELTZbDEEXLNS.

) O BN L= T L K o C, FMNE R EEE (1TF, 1982) DEEMIZ L - T, ThERN N
HELOEHEE LTS, @I LIci a3 LWMEELAZ T CVD KD Th DR, Hanil
KEETDEINSLVDOT, LRI L TRV, —F, K HETEOEE IS T
Bl - EROENNE L, HEKOEAESHLEIIAR - Tl S, HAEHORER L R
TR AZ 2 L TEEFICLAAENTVEORROOLND. /O ZOMEEEICLT, Lz afEndg
FHEREIELEL TS b0 L Bbhg. 20X REAESELIEOWHREEL, JLHoRE)IGE
THLLELIERD NG, 2P, AFOMETZICAT, 40° LLET70° B 2 RTHAEBL .
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ARJE AR K G P LN RS 2 5 3D Tl A RSB CTh Y, HIRA IR 351 B R IE RE
T iR, 1961), AORRIRHETIC 351 2 IEREIE OREBFIE2y, 1977) K ORIANEN LG 51
DEFERILIE (5T, 1982) O LEITHY 5. ARITILETEVCIEEICHE Y, ETEERROE
SRS T 2 C B E MR E AR L TRE LTV A, O X 5 IS L LA
1%, B - MEERIZILZ B SRS KR SN D, BICAFILEHE (BREEN) B omaEsE
DIERFINZ Y72V, FRROERILER LD b, FrEREOEEHY T 5L BP0 T, 22T
BCHEHEEE LTRAILE.

FRAABHORE SIT—E LR, BRTabEE O X1 100-150 m, W8 EH B - BAESE
JE X O HAEAZ PR 7ES1250-100 M Th 5. AT —MRICH — TR T 523, —FBITHRIO & DA R
Lo, 72, BEIFUXLIEEEL, 50T 1-BEmOEEEZH ATV, EREFHRE S M KA UL
PE-F AT C, ALNTBERT D & 2 AR Z . BRNIILEEREHN T, Iz A8 & BT W fHr Lt
1TBBT3 LT THD.

m. 6 # & #M Ak

SN 5+ R IEREO W EALAUERARIT X o THAIM A2 A R 2 & 2358 (1977, 1979) iIXk - T
HOENCSNTED, (LAICZ LWIUE - RIEREOHE KoM AHEE IR T & 5. Al ok ¥
DEEMBIL, JX TR (1979) OHET, FHMBEENMIELZLDOTHS.

5 24 RUTA ML DM T+ R S O3 - B - B A, TUNKROMETEROZ 1 (556, 1979)
LT bDTh D, AHIEOMTT+REREORE L, KEHDY 15% U EOIE & &4, hoRkfi X
DAZERL. TH (1968) DBICHED L ARV v 7@ T 5. ZORNLHLNRE DI, ILZn/E
OWEITARICER, AXEIEA AR I ERFOESINTNE LU ETHD. FHBRIRT I, Y
BAITEENRV. Fo, AZPNFENICEENTEY, BHORRBETLRDLND.

—77, N NEEOWEZILZ OB TERICE R, ARICZ LN ENLREZGIZEKRISIND.
W NEEOA Y BRI AIZ0-065 ORI TH L. ANDBFETOKE=y MR D L, 2=
v FEL FORENR, o=y FOBMELY bAKICZ LIERNCEREAICHS. Lo, HIER
DY O Tz I E S .

T HHG B A I O P BRI DTN B IS T E AW O CHERLROBIE 21T hle o 72, HH
TEFEIE, AR 5 OISR ILTHAnIA<, T (1982) OfsFILEO—Ic Y 7-5. E7=3F[ (1979) X
Z g A U5 BRI RE O S =R i I (5 121100 Sud) IAZIER T TR Y, 2omER S Y RAICE
B, JROVFIPHO T E R a > TWB 2 L ZMBIC Lz, HHEBIL, DY EAICERI L TIhZ
AJENG, ARICELZE TR NERE LSS (S8, 1979 ; 77T, 1982).
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ek, AMEHIS O T+ REHIE—HE L <, HrEH (B8 =R) Oo—8&KOEEMN G +RERE G
F R TEFRHH O LIcEo b TE R (BA, 1962; i, 1979; 4 H1E7>, 1980; FlE
7>, 1981). HEEERETICR, BARENLHEE O A B2 5, BRI L - TRESGICE DN
LHIERECKR L CHOW O Z4AR (BH - AR, 1942) ©, 5 =5k, B EREE & ELo ks o
HAEER STz, 2%, BRERORE LW TThI (1, 1963), BbA KO LI Eis
5, L U Tl & a2 o fe o THERE L7 i & Sz, ARIRiEH O —# % &gl
B L HARE O U5+ R IEREDO R EIZ DWW THE, F (1982) 12 k- THERDZE 2 7 & B7p DFER DG H L
TW5. Thbb, BB st R HUEFER L QS Ca iR Lo RHER En s, W NEE
LEAdERE L, mBRILE (e, 1979) X UGEEERE FMoRHE - ik - AFRE (5313,
1975, 1979; <[, 1979) |2, iz Mg (HFH=FR) XA MERO M) E S OIRMEE (5 H1E0, 1971,
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W3 W LRI T D 5 BERE ORI L sk & SR

1979; ¥, 1979) IZ T Ehsftb &, Fio, MERLIEITHEIR L B2 bntk. 2ok, W NE-OM
UL AT AN O/ LN bOTH Y, MEEEIAREICRET S22y PELEERDIHLOTH
%, AREHIRIC 31T 5 U5+ RIEREOB A O EORFITIE, 0P - 5835 1L I Hie K OY
PUEIPEEBIZ 381 2 U5 B g & L3 2 A Ze < Javy (Y, 1977, 19805 =S¢, 1979; 4 JHE7,
1979, 1982; 7'F, 1982). Zi b OFHEADEL RISV THEE 2 % 3 RITFT .

Plbzieadhud, W NEEO S bR Eba=y PEADFII EHAERICEL, /FEETFIC
S EN DRI DS, £, 2= N A-DITIE, SEFERICEN 5K L ILRE (UEEE) T
S (I RALER) BRI 2 ER ENRIEL TV D, 2 ORI, B - BRI R8O TR
AT R OO — OIS 2> TWD 2 L, RUBEAESMAE LSS TSI LRy
o, MENS LB EIChe oIS D LB, FHERBITITIEME R < 2lEIC
X TE A0, 71T (1982) IZ X WilliFist s B2 bhTn5b.

7d, HHGIEMYIE 2 TR LG (1T, 1982) O 443 5 i3 L EI il oWV T, B
(1963) 12 X > C, WA B A BT BREOTRRE R ORERJE & U, Eio, FREAERE RO
ZaUETR S A IR EUE S E L A R EE R LI Oy P & Sh, WL PR TS EX 50
oo LER->T, ZOHIEOHE Xy K OKICBE T 2 kL, 5%OMEE L THEIR TN 5.
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m. 8 # B H &

AHIE Z & OMIETREICR R B TH D, 22 TlFEE L TARMIKIZET 2005 +RER O
TERIRLIE DT DWW TEET. JUN O T30k % < OHIRFIC X5y Sh (A, 1962; <Fli, 1979,
198; £ H1E 7y, 1979, 1982), AHUIZ B M OMAELERI L L TORMH L L T—FEhTnb.

75 DG — AIaEIC R B0 G BB, 1 RIE R — PR o — ik & AR & OfERNC
T TR I B, — MBI & FATUTRIAT T D WA X o TR ER TV B, SRICIT RN
EHORE LT PAEE L 295, Zhick L CHEH T, BERICITILR - A o—ikEm &t
PR S 52 23, TSI /WD &, —mEmixmdt s b e — drg e i th L, B s
L i & [ 72 HIUREL A O 0 3K L33 L E Ay, BP0 5 LY — s M bt b b.
Fiz, BRNZIL)T — T O b OB EET 2MHAIEH 503, 2R E LI MO b0 b7 < e, i
i RS (EHE, 1963) OBIMEREARE D Z L b TE D, E7z, R K ORI,
FEREICE DWIEREIC & > CTEYA ZRICHBENL TS RIS,

AHIRIZ IV CIE, 12 AJE & HHEEIL, BRHICR T 2ME0—HA /R L TWD A, EIHEON
JNEBIIMEOHEZ A LTV 5. T72bh, —REMITEENCIEmEIL N Th 52, LFEICB
A - ML, RO AR — s E R i U7 B oOSREL S 2ok LT DL E 7z, R
IHIEE A EHIAE T, BB FRRE LIZAAMEEZ E LTS, 20 L5 RRAMESSITGEET — A
I 278, BRI MIESECH D, Eiz, WA E % T 7200RE ST, AmMEERobo L
T THY, UNOWE G +HHE2EC TRERBEZ R L TWDS L EFA 5. B, mEAWITHEET 2HE
1, AL o R ILALTE R I BT, B ISR LT B IS o TR LT D eI o — &
(FFMEIEAy, 1981a; ik IR, 1981) KUY, WEPEEICIT, FRGHACHD - THE L 550 R (B,
1980) IZRHZ LMW TED.

AR L350, N NERE GERE) @ RETEIC L >z nJg (B (I8 ELTW528, bk
JBEROW 2 NEREI, W% RIETRWICTIRTES 2 & HEE S D I OREHE), 1976) 12X - CHM
H, Eio, MEBEBAMICRIET 2 LHESNDIRBAHFNOMAHTICL > CRE#H L, ThEni
SNTNDHOLEDND. T b OHEEWIRHS: & - hvm i — 27 i 288 K OVE R — B EPHT2H: &
BT 5. znseFHmR LT 2 LK HEE (77T, 1982) OLRITIER — HEFBIZAT O —H 4 T8
KT DHDERBND.

BROEREREO A EHED, ZhDOBBEOMBICRERPELZIT VI L0 LEEZLN,
FRIC BRI AR © AT TR BN D ZEOWIEREO R /a5 OREF, 1958, HIF
IR, 198172 ) 13, mMw oM Ehm & —#7 5.

WA, BRI B IC R TR R LRERAEEN TV DR, ZOIHIER FICIEEICR
M LA ERPRTEL T D AREMER H 5. T722b b, ZEHRBKERERRIC X -, M —EE M
s B I A2 R, BT I o CRBIA 22 SRR B A AEIE S D 2 &%, I - IRES
(1980) 72 LI k> THRA SN TR Y, K@i — [EE I o b OIFARER 2 1,000 (H7 10 %e.m.u/cm?)
WZEELTWD, M O XA RO REF1E 1,200-2,800 2773723, 2 600 L E&/RJ AN LY 572
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W EREND, TOK ) e REERTE S BB IR ICHE T LB AR TS, £, Z
D XD 2 KBS RIT S M Tt A, B iSRRG BRI 2> T WS 2 &
bR I TWD. 2O XD RBERRRIERS T R o @M#E 2 b & 2ME & RERTFEITRL,
B OIERABHNE - BT D7 2 IRV HUBITRIET 2 ATtk 2 R 32 b0 L Bbi .

V.5 & g &

EIRERIIU T+ R IEHE A L BIRIRES OB L, B =Rt s S et (i)
(27 DYEAE T, EIR TR OIZIFE IR & B Lo —EFIZ A ToAid 5. JE/EIX 3,000 m L I
FEL, BTN THEEON T +REREE TL1000 ML EOEIBMOLNTND., ST KT ICHS
WA OIEE D - TS OB A TREIND. BHET 5 L EEN GEYE - ihE-Tea -
e HJE— B D55V ETEE Ba—lea - ANHRI R aes AJg—EREE0m es & RET
5. HHE L HITEROMGZEAE LV, REEEEE#E (1952), SHuTto (1961) (2 & - THEMIZRFZEY
TOILTEHEY, AHBIZIW L, FHICEY 12F@ICKGEShTnd. AERTIEEE LTEFK
DI ST EFHHEDT) RFITHIA LTz, T7bb, Tl HEE (s, W), BE e
), AT RS (s, atR), AR (Baless BE), IVERE (WAEH), #iaa Vg Jest), &+
i (RbAEVEsE IS, g (OOMREBIEE ) L RET D, HIREREOEN L OBRNE, AHkor
ECUE, 1AL - FE ), G T, IRIFAETE - BT o & R LSRRG WE O AR R AR LT
ERBRATTIE > TV D, BIRNETIZIE 10-30° ORI Z RS, B CHEMABUR, A0 CIdmeiiio
HAE LR, LasL, SHNTFE ABO R T, = 0RO 5+ SRS T 2 L Ol Rk
[ZREY Lo T g, ZofiED LICBRET 2 HIREIHICKM L THRICE ) — XEE2 BT 5. 20
FHTEIC TR R A MR HERSAR A3 34§ D O C, Z DM A AT B g & Lz, £, ZOMEIciEiE R
MBEF LTS, O REOEE Y O FIZBIES B A LT EORE 2 EAROEERH Y, B
AR (REJE) M FET D,

V.1 | ¥ JF

AJE I E I E R T O SEEUE IS L  , mR LA e L OISO D, ERITESEITAE Y,
EEBIZ A o TR EEICHIRLIZ 72 0, Operculina & BALA 75 & G TofURL « HORIED A IS 2 FE L,
RIS H B IR HNIR O BB E IS (T E D LI L O D . GEE T TEmIc L BEL, K
K=Kt Y 5. TOGHOERIE, FTAIFEELLEL, FICREAMNEI TR, £Eoms+
RBR ORI — T fEES< a1 (526). —OBEMFOMRA LT (H A#BRIELE) 2 k<
RIFEL, BAEEPHTA TN D, ALETIIMIE — TR 2T 5. AR O LIS ET S MR
IR — R FIK A TELY 5 L RBEE R L, 1T A CBURIEEELT, AT L fKEMBLE 5.
Z ORI ALED & PENC I L, MR A 2 A T 2 b R o s, T L BT, Z OMIkL
WX LB OB OTRER & —EERBRICH 5. ABOEFEIL 150-200 mATH TH 5.
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26X EIFERE O SLEEYS (MR ) .

V. 2 =

ABILETNT « FERTIZ DT> QREMALC AT 5. EIEERTS, ¥4 TUB & Oty L5 o &g & [
BRICIEMICRE SN DHIE TH D, EHITKRIERTEIKEIEE T GF 27 X)), @RITRAFT T, %
HSWBEIREMERT. ZORES I MOMRT L LB ZERIFHERN) 23k T, @ RBTLIFE T
FAZOMIRI A (REFE) KO Ao - i (BEAETE) LIRCBMR THEBNZL L, SUIE S 20
P4, BRO L A REEE BT AIE T, TOEESEFHELEE LYV MEHRERT. 20V
v MEIFEUE L TRIAICEN, ERTORREA L, —#H TR REErRons. LT3R
HESEEROES 10 malkOBER LA T 5. Bl CIREsERAEEHA L, IED/ES 15-20
cm, WAEDES 10 cm A% T, Eoa=y FOJEXE25-30 cm ThH D. RIBEHICHEITBIL LT
WL FE R R OIS AR T, B R OVE LR TR 1T B D IR 378 & FE Btk A g™ A
J& O LALITE e R O ETeE A ORAENE L <220, RAOLAREICHBT .
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V. 3 B & ¥ 3

A TG RN IR ORER B - HEBTZLAER) 2 km Ozl & LTHTML, EICEENOMD. R
B LEOES13600-700 mITET S, £/ KRIGEORTT > bIKr B & TlEfEE OVes g LI A I H 2
D, THOWEREE D - EE2BOBSR LD 5. b EEEEEOMICIT, BaVes B - B
JE R OVEE T8 XUZE DWT D BEIET 5. FE OIS BT ELARR D BVl — HUkiids, |- LEs
OBEEEITIPkR —Z R, W57+ RBHEEIR & B 2 b K OBV FUEHNC L o TENL TR E
N5, EIMESS MR DR I e S B 2 3 & 35 £ B EICESITEDIL T\ DA, KM
FHECIEIRETEE IR L, ATEE & AR & OB ST AU L 70 5. KIAME T, R
I AP S B L T A AR & L, 20 B oRRAESEIEL A AR L L.

JEEAT R JE 13 s ] 1L oD H7 Ik oD BT 53 AT 3 D RS RAFAE T, i LR L 1T 5 B R IR O
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BEETE DS KGR — SRR R D E /N S WA £ &35 DIk LT, AN - HEBE#IXIZI 1T 2 R8O
HESIBIE, EERHORKE SICBW TR TH D, AEOHEIE & T aEIE, Koot
HOBF X CHERE DR E JE & FRABIR 2 28, RS A RIET 21| A b T, EEATEY 8 T
OWEBNRIFEOWERE LICEET 5. £/, BNBEEOBEORE SITMIZma-> TREBINS < 72
D, [EJIEAR CIEAE 2-3 om BUF OB B 7 2 BE T8 T SRS T8I AT L, KL TR
. KEDZO XD m0AiRE & BERTE OBELOMIT AL, HERBALH 1 km OHS CHERE & L
THLN TV WG +RBEHOTFE L BHECEEL TS, J7bb, Zolg+REEONEREIT,
IRYES 2 W77+ RIERE R O RIS 720, FEATEE LU T O B IR FEHEAS HERE 2 IR 3 b L i s
2 05RO ER ORI LRl A e L TN b 0B HiILS. ZORENA Z 2T
HER B & RIS oD T MER B 1 T I AMEE O P iR UM D ST & o T, BEOBESA /R HERS I
272V 135Dk LT, ZOREMOME: /) AREAHIT R O LA T BEIC S 5 Z L icmd. Zoft
T W g RIS OBV NS IBEOREN ZOEENY L E ZAETEI ML TVDIRED
HffIND. Fio, BAEEOWEE & BE I, EHIIRIET 2T+ REREO _Lich - TH
Bpfg LR L TV D b0 LB s, BAMIITEEZ R T THEREO LA H ), HiFoEDE
TS &k o CEHER BT BT A EEOWIR, T O FEN R E D DI T, WOk & R
HEECRBWTEEFE L OB S.

5 28 I HEIR S 2 & A HEEBEAMTNC & - T, BRI T O SH0A0 & K4y & OBIR
R LD TH D, HHER R AR - 3UIVEE FEITICAFIE LTV 72BN, BEATERELL T O
TRHMEREARIT, [T E oV EHE & MR OB L OB S L Bbing. E72, WHERE

28X FEATERE AT 31T DRI & R FRIX ) & OB 2R d A X
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PAUENTIETE TR % L, BHERBRHE BB S5 IS T, S — A IR O D 72 g E T
LONEMEE SR S e b o L b, EAUIEREORMREEA~LBILL WD, ks, HEEE
« FEATEFPET7 O FEBEHIAR I, DG+ BRIERED HE T IRFTICIRAE L CO D BP0 6T 5 b D L i

ESND.

W

3

)

v. 4

HE

Je&

AR, ThL& 0 a7k (1952) o4 Uiz miiEsE « AREE - RACEE R O RieE o 4 58 & fh L
TR THD. £, BIR (1965) Ofivsd LI-AEHEE, BROMENICLS &, REHEORIFIZLD
AHENOELFEE CORVREE —ELTAEBEE LTS, ZOFEROAEBBO FEOES A
BIIEEHY T 5. SARIEE T - ST - BT - IR & AR o i 2 3 E AL O3 AR TE I
JENTIAWERA G 5. EHHITERNICETREDEHRAEE T, Wb LS L 5hild AJEICEE
BT Hh (5295 « #5301 « 55 LK O%E 2[K), SAHARIC L 0 i« i - B0 35y Shs. AED
TERILEE (1952) OB IEITH Y 35, EikEREh OB A R FE T, 2L T
NORERWRET 5. ZOSAMTEEIAER « FRAK - AL D7 2 236 — I LHE C POk E &
T2 Z R L, FIMOME - MIVLLAFE ClE, BEE CRE\ESNDEMNEEICEAICERD, ZORIEMH
U5, AT TN O SESEE RS ESABICIAE S, THIIWSESEEZ B R L, L5
OIREESB BT 5. WEESAIEILE S 10-35 cm ORYESE & V10-20 cm OB LY,
COHEO=y FOEE[L40-50 cm TH D, JREESAE OVRSEIE 10-40 cm, WASJEIE 515 cm
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DEIDLDONRETHD. AFD2=y FDOEI(T15-50 cm LIEHOERH Y ABATH 5.

LR A TG 2SS L, PRI 2R . AL S T, 2RISR 5 L B a g 2
%<, dLizfno> THHOWBEBICBLT 203, LY ORRNWREBA O EB AT 5.

Z OB EE (1952) ORREECIZIERY T 54 A ORERNERD . A PEIEAE - K5 - dik
&AM O PRI AL IR < 3T B . EHIIATE T & RIS TR A & 3. R
BEEE, LIIEERERP ETH S, WEBEREREL, BEHORE S I38MREIC 20-30 cm 3%
<, VEBEHEHT 10 em B T 5. T OBEFBORLEE AT P HRiAE 2% 0.12 mm, @IkFR%EE 1.58 THJE
DW= N ORI TFIT 40 cm Ak THAIM TS 5. JEEESEREITIEE T OE S 15-20 cm, W4
#5125-10 cm & LBV EB T, 2 OV ORLEE /34 X kIR 2% 0.08 mm, TRIREREK 1L 1.45 &
RRIT L PRIV (B33X). Ziu b OASE S B CRYET A ZE N LIRE A MR A2 7R L
WHWBHYHEERE R LTV, COEFHICHEDIEEEZ LIE LIZEAT 5. L CIiEniEE
(5-10m) NE L HET D LRV o080 2D, $iz, MEMOERMIEIC b IbEEO%E
NHEETHD.

=0 B OARE EER, EHE (1952) OFIETSBIIEITARY T 5. BEIE D DIFEIC )T T
AT 5. BAMITEICRASER LG TRESNDD, ERICHAEALBICELHELZ R, HiE
(1952) 134 L3 & VAR B R OVA MBI 0 740 JTUR AR 2 3 5 300 TR LT 2 0%, A il
ARFEO AL E U CRE Lz, SRS 29 XD L 5 IZIEAERIX 40-50 cm, #b4HH 10-30 cem DI & %
bOHEBET, ABORM=2=y FOEXX30-80cm L IXL OO ARHATH L. Frick v waiE -
WHESEBZHE LTS, ZhHOEEORIEITE 33K D & 9 (2hb A E k%1 0.5-0.062 mm D
HAPE 2~ LRI 1T 0.15 mm & ARG CTIEooM W F CTh 528, RIS ICF Y 35, Z ORIk
I 1.63 2R, PR RO PURIZST 0.08 mm, WIKERENIE 1.36 & 2L ME L 0 RoR0HLL VR %R
N

ARJEILEE (1952) O ERTEITITIEMY T 5. 2 OEFEIL500-600 m T, &k AR % izl
FE—F RGO 5. b BRI O OARN, R, B E LRI 5. Aeix Fros
g & BT TR E Ly, Mg T I T oL R EWE LT b o LIS
5. EAIT TS ERARE R OW ABS EE C, iaORE & de. REIXTOAHE &~ CH
MEEHEVEATE LT WA, TREREOSEFIIIR 22 < | HiUg ORI X 2 M3 5/ &
ARV, B 34D K O I AMENTAL T (T E ANV T D 0N eE 2 HBITHAE 2. 2o LEowsE
ZELTOMBEPIARFEZRET D2HE T, 5 4K RO 35 KO & 5 ITWEEICIEE 8 a2, mid o
JEFIIARHIAIT, Fric X 0 EWIEsERE K OVeS B A E 2 AT 5. F8F LERNSHME -5
X TBASE LT D KEEMERIR AT A OERIUE 13 Z DJFHET, R [RGB DRV R TH v | B D
B FER OB HERIMIZ Y 2. AR TN EE 7 O R, SFRaWiEIc L > TAHERRE e s L
TV, Zh &V LTl RS IS SN TEIREE TIZR LTV D720, ZO0RIFIAL 720,
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(EE, 1952) & IEEMICKRE REV D B
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B ICHA VB LI 5. N - ok - 5
4 B 36 1 5 AR TE 1L R oy e o
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%35 N E O (i aty)  REE (B 2 B b E TRE L TV 5,

Lo TnWD. RBORSETIZE, THLSMIGEE 10 ecm BifEEWIIE LT ORIKE DS, REIZH
Too THAE L, B ZIETEAERIKE O _EATK) 60 cm ITiE, /B & 8-10 cm OMPKIEEIR S & BRI E 19 (kb o i
BB LD, Tk, 1w (1952) (T8 - TERMEPCE DIER & &2 DI EIRED 9 B, T (HEO
JLAEHHI 2 km T, EREHIK) O H O, EHHEF S ITNERE &4 V8 OBIRALIICHY L, &
IREEIR A DAL IERFNT M 72 2 ATREME DS K Z L.

B O TN, FADHATFICHD > THREBICH AR AIREEBR %< 720, IREEH b aE
BHRICBALT BB bD. LIch o T, ABO—FRILAS I AR & UL E ik (1952, 1961)
DIFRELE I AT D REMED B 523, ik OMKEEIR S 2 8858 & 37U, JeakE & e s &
1, HiaNBOEMICRZT W CTHEL TSI ZLbB 2 bR,

AEZB T 2EEIAERBORERLE L 2 R0, WAOREIEIIEC2mil L6-7mIZEL, ¥
B bEBII R S 2. Eio, A ITAIRE T, K3 EE ATV LEEICE, TVEREC Lo
Mg & RERIC, IVCAESITHID Z L3 TED

Ak s LT - fm R oEm % m L, 5 10-15° A 2723, Bid TS o Elm



HaMB H2METHROBARRE ELRE
[ > - == = < Emﬁl—‘ﬁﬁ_\ﬁ@ﬁo)ﬁ
(BT PIET 7 1 & B D) (E ) (rﬁ%%i&ﬂi% )
o —
%
e
h\/’\/’\v N " ] 1t 1] i
/\_‘
b5 -5
5 L4
BHRE -3
BERIKE -2
)5 o
Lo

H36M A TV Ky O i o> FEFRAL IR

EPEARTE - RIS LTV D, ZORIRIIEEFGEE o—5 & Bk 2 BELHE - PRI vE 5 T OWiE 1
LoTwohn, PEORAERRE & EELTWDA, AR - 54 Nl EHR X, KERICERT N,
EAZAEE D ORE REMBRDHND.

55 39 KT HT4 AL HT O LI A HEEENIC BT 5 1-22 S HOBZBER Z R LIcbDTHD. [H
B> 1-22 BHIZIBUNT, PREEKI 600 mLL FIZEESK) 200 m DIEE & FE L T2 HE &, ZO FALOME
EERBH G LND . BIREREICOEBICTEET 2 2RO BRMIRITE (anitithetic step fault) % E /KT
L&, INLOERE L EERRFITENENHLIVE & NVERBICHS T b0 L Bbihd.

V. 7 # + JE 8

AT EIR RIS - B Do THOMT 5. ERITFFAALHR G EZTR L, 8 Atk OfEVBRIERC
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HIT FA I ESLIRTEE O BULIREE  (ERTme ).

5. EHE (1952) OV LEEEICIZFMEYE T 5. TEHOHAUBICIBH R ES THR Y, & FHMOE
WSLRID & SRR E DB HRAE T D0 b i e e LIE & L. SRiesBdmEge Lke +
B3, TELY 4-5 m OEICIeE OME LA T 2 EWENBIED. LM I T, 2
DY HEIZ 50-200 cm DIRETEH# AT 5. ZOWAESHEO FICRAESHBRIRET 5. AT
EBE L U CEREITEA TRV B36K). ZoFEKRELIIESESREL, WEREBEOEX
1% 40-150 cm, WAHEOIE S (3 10-30 cm THJED = FDJEEE 150-30 cm & 3T Y F3 k& < HifE
FUIARHAICRALE X MM EZ /R E 2. ZOEBIZE O CTEMETREWEIKGOTREBNER D), b
FIZiER: L., 2o RIS, IREAE T, Mthiid & Wobind 0 AR ERE T 2 Wb a 8 H v,
A EFIC5-30 cm DIREBAPAET 2 L 912D, EIZEF T, IREESEEZ& IR TR
BT B (55 40[X).

AHURANOARBOIE 1%, K 300m TH Y, 5§ 39K 0D 1-22 FH-0 O A EHITARIIEERYS T
%, f BRI B DR THIR E L.
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H38  HAITVBICH £ 2 TS O EER (EFtitidt 7). ~o~—n b B35, JH E5920cm OV & Hkie

2ty b ORERAE.

V. 8 & # &

A, JEBEOEXNE & OFRATIE O TFETE F RISV TE O AR FEEIHIC O 5
AEMFIFFEILE R L, 8 Btk OO CTH 2. AREDONHR 5 DT i (1952) Ok

J& & DBMRITHIRE LRWA, TEICHYS T 5 L Ebns.
B (1952) (A CHETIE, SRIROWEIEE DI E D, RIEE R O ARSI 2 Ha 2 LRt
LTS3, AN OEMHIT, RPNV FREOIRIEENRET, ZhiZ2m e 3mobEiEs 2

BEET 5.
SRR 1L NAToRI, H. (1976) 12 LA, BEHICE L, & EEIEEgtcbhbiz5 55,

V. 9 X%f te

ik (1952) 12 X D AERER- AR AL OBIRIL, faiH « JKH (1982) (2 X~ T, ZDOROHME - HFTERHR
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SP. 51 R. N
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W30 e LT R M K S e HE

ERAEL, BAROLEIITEDELDLN, —HSETHAMR b, BIZ, KRIERAEIC LY, KiEh
& (H7E, 1952; SnuTto, 1961) (XA TAEE (HH, 1952; SHuTO, 1961) D —HBIZEH FALD.

Fbh, AMBERICRENDE Y, EIR AR O IR E R AR T ETE O FRERTEIC & - T,
AR ACESL A 4 km PEIZ T TV D, —0F, RKiEfbBIZARRO LEHIcy ), JeaBERaE L+



A0 TR OWIRERE  (ERTRE OO GBI LIS .

Kawanami Takanabe Shintomi Sadohara Miyazaki Nichinan
Saito Takaoka Kiyotake Kitago
1)
2)
3) Takanabe Sadohara
Tonoko’ori Tozakihana
4 T a 0 iumi
) Kawabaru suma ]gryunko y Oyodo Uchiumi
uraoka Kurokita Kibana Togs
Aya Takaoka Kamurano
5) Tano Gonohara

1) Globorotalia truncatulinoides datum plane
2) Globorotalia tosaensis datum plane
3) Globorotalia ungulata datum plane
4) Sphaeroidinella dehiscens immatura datum plane
5) Globorotalia tumida tumide datum plane
(datum plane: after NaTORI, 1979)

HALX EIER AR T OEMERAEORR Em-km (1982),
RHMAIZERE (1952) 1L HH8, & H - Il CRAR), =r v =7 VU » ZiREHHE (1981) K OVH ARKRH A B
(BR) (RAEE) DYFEHT Lo T, RROA 3O TITARYESET STV 5.

E L, ESHm-10 m itk ORbE HIE 2 BT 2 LI K o TR b5 03, ZOEMIEER)
Ao KiENF R E T, AL — R O EMICH > CGBEBF S, KAIERTIEEARE - R
OEMER L, FRAEN S ESEFIER CRE, SHHHIER WD, bbb, KigHEiLam
BEOFIEREND Z LT, Eo, RAIRRWITITEMERE OLERAHEE S 4L, FHAT
BT HHEOTIUIT A< &b 4kmiAER, BETHAGHICH T 520 E &M TH 5. LLEICk
Y, AXbEHII 51T D EIRERE O FIX 7y & EHE (1952) , SHuTo (1961) % DJE X5y & DR &5



,:! Siltstone (3L &)

Sandstone (FP5)

E Tuff IR 2)
=

Conglomerate (H4F)

Interbedded rocks
30% siltstone, L b & 30%}E?§
70% sandstone ) = 70%
BLOW’s

zones

OKADOME-KIZUKUME

SHUTO
1952

Sphaeroidinella dehiscens (s.1.)

Globorotalia (G.) ungulata

Sphaeroidinellopsis seminulina seminulina
Sphaeroidinellopsis subdehiscens subdehiscens

Globorotalia (G.) tumida tumida
Globorotalia (T.) tosaensis

Globigerina nepenthes

= Globorotalia (G.) truncatulinoides

N.22

TAKANABE
MEMBER

N.21

SADOHARA
MEMBER

N.20

TAKANABE M,
SADOHARA M.

TSUALE

TONOGORI
MEMBER

HAINOO-NISHIKAMINAKA (N 19)

GROUP

URYUNO
MEMBER

MIYAZAKI

KURAOKA
MEMBER

N.18

AYA
MEMBER

400

TANO 300

MEMBER 200

N.17

PRE-
MIYAZAKI
GROUP

H42lX  EWEERE ORI LR OME AN &M (IR, 1979% fimEL) .

FNRT. B R KNTE— 2N —S3@)1V— b OAEL (1979) 12 X 2 REHERATRA SN TN D, £
12 Z AU, Globorotalia tumida tumida 4E{FEHE 13 H BF8E O H iz, Shacroidingla dehiscens immatura 4%
JEHEE LIRS - FOAERMIERE D858 7= v 1, Globorotalia tosaensis AR ILHE R 1344 T ER g D Hhic, #



A% EIHISR OVE IR 351 B I B R L%
w o E g e s LAt B EE & X IG5 L
(SHUTO, 19610)—#5 % &ET) B X IE M
Jow o Wk X ¥ 1 B SHuUTO (1961) * 8 (1959)
mH e W e 5 % R
" LR BE [ -
i | 5 B 5 R ¥ 5 e
i3
#* Ik & % 8 8
EHE ) s -
[
% . = =
K iE W Ial %] 5 T 5 HE
P £ B B LB EEEEL
;5 £ E
. ) KIEHG | FEE # R E B
wOEOEE R e B #
V&l —
JESE % % B o E WLREER
g ow om o R e
i ]
[ HO5 & B B OF R B h W e WA LB S
E5K  HINEROEHER L AERER L C, Globorotalia turncatulinoides =Xk
WM O NE F & WA B O T BRI h B, B
N 20 "1 1.9 Ma )
1E :t }ﬁ E OD%KE% ‘i%ﬁy (1979) ODEI‘{;]E/[/‘_‘ I\T'f)‘di
(N 19) b TV EHE (1952) DEEL 2 FDE
e INE | 5.1 Ma .
FLotbOTHD. I CHESERET
REHHE B OH O % DI Globorotalia tosaensis 4EA4 e f
£ B B N 18 T, ZHUEHERE O FEcEeE e
B AT TR EHERE O FIZE I TVD (B 421X).
= B P BT T2 Z & 55 HEFERE o drih o
S s 54 M & VL B % C78 BLow (1969) o N.
H &5 & OO . —
N 17 1812, ¥7=, HREREIE ) b EME O T

HETH, (N. 19) -N. 20cxttband

LD, DFEY, HEFHRIEO P S EmEEE O T E TOERETE OIS EERIC R TS 2

Ll b,

CNEARKIETHE- - HIEA AT 5 &, i (1952) DA & RN FRL > TL 501, Shoeroi-
dinella dehiscens immatura SR EEHE I 3BT 44 TV O FEBICA S Z & T ThH 5. ARMIEHIROAFEET,
FERBEEROEREZ I LDDLESEOBY ThHD.
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V. 10 #1 & # &

FIBEHI RO T+ RERE & E LWERI RS b o TEEL, W +RERE s mREe: & 13T h
TR, B Bigo MBS A R L, WD HRIEH L B 2 WECEENC X 5 AR, HEIRERO S
IRE 2R HEREREE IR L TV A b D L b s, T N EHOBESE M 2L R OVEER~D 4 b 7n &
AL TV D b0 EBbh s, EIREREO—Bak X cimd i m e, el ©, Jic
10-30° DERL & RO HAMEE 2 R, FAK, MITLICIEE ) — RIROMEE 2L, 20/ — R0k
W& D ILTLITAE M NSO® E-EW, AN 10° At TH 5. BEIRILAM N20-40° E C, iAHT 10-20° & k3t
L RRRMRITH D, B 43 XITHE OBIARHE IS Loz R Lz b O T, MEOEERITAHE T

A3 EIRTRE R AR



EIRERE P OERBWIE O A 7 v F (ERHEmA M) .

#4414
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o

\

N\

g

BEARI TUTE (FROEUE)

A5 SERIGBWIE OMBMIE AT LA Ry MH (R, FURIORTEHOT 2128 5).
a AERE (RN, WEomm) WNo3eE.
b IVETFE (LHER, BTEOALR) M oLRNTE.

HA6IY  EIHUIRIC BT A EE NG (T— B (RAH RS, 196110 %),
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VIAEARL 23 30° L AhoD sk & BMEALCEMBIIE L 22 B, ALMNCHR 2 ITREMEAL L 72 0 5-10° & EDER
BUTHLE 225, AR ) — XRHBE OB L 0 LM B ERBEIE S E Y, 2 OWIE 2502 E M X
LMD S BRI S 5 TV D, FIHFER R 80, BIRBREOREEICIE, 20/ —XRiE LY
HEEE R RSN LN TN D, Z O ILIICFEZE T D IO ST OB B8 7 & OHERS
ZHEIL TV Db EEbND.

Wi L, HIRFBEHTIZ50 cm b m O/NEERBIET 2 D3O b DA, REREELFFOWIE
I, HUE O oAV G A & R CRIENN WSS KTE B O M FICEEL T d b o L illbi
%. HIFEE TR O 2 AR & W8I, SEmEWE & fidh L7z iE © s o 76 oo 2 TRlgE
TED. ZOAT T PE MR THS. K6 mOFE LB Z Mo CTERRE & IVEEREABEL T
. ZOWiEOHnIE N20-26" E T, NW50-55" Ot L OIERE Ch 5. %E13K 300 m TZ O FER
TFRERHRN TR (1952) OFF A — FRKEIEICERT 2 b0 L Bbivd. ZOWEIIF AEHEIC
BALAVNE 720, BIZERBTEIC 2 ) AR e Lisvs, AWE O ALHT 1A ~135i o A58 v et
JEIT O 1-23 B-FHOHINICEREY 2 (5539 B HR) . EZITIRE L7WIE b & 6 TR 400 m DK & e db ik
bERT. ZOVREWEO L, FTRICKNOIEIEOMEN L < FEEL, 2L AL DR LWE
IR CALH - I A CFATTH D, RO DOIEEEE V= Iy b - Ry O ERERICEE L%
Lol bORE AR THD. ZOKT O, IXRRLIEE, 0,1 PMIIEAE, O, 135K/ LG &R
T H 45X alTTRIGEIE O TR (BRI o4 BT OLEIBEE OFARE Th 5. o Ol
143" TEDAEIT 12 LAY, ZOHEEAMHE DR T AL 7 TR THS. H45bBRET
LD IEFIBWE O _ LA L) o AR B OB 2 EY LB Th 5. ZoHRbE 45K a
L FRRIC O, OEF I 1417 2O M T 6 LATHIES, HAMEMAIL64 ThD. ORI HRAIED
TRAIEICE - o 2 %R T ZOTRIMOERNS AT, 2 b OREBETEIT 141-143° D J51h
T, 6-12° DK VENE HOF[R D OB/ TTEEWERE B2 oD, ZOEEBKIERIL, 12T
TATO S mEER L, TOMWELEBAEWVIEITEY, —EDHAEEZRL TN,

546 RIS E M (7 — 7 BE) &R Uiz, SEABE, EEMAC7 T, bR, &
WO L LIS E < K 15-65 TV - WADMEERT. FAK LR ITEN S &40
HHID. ZIUZANRO FAKLURD ) — XREEDO KB E B .

V.oE MR

AR T, W+ REHE SRR L A IE > CEIURMDILL /3401 5. FHUIRBILCIH
B L HEREY - BT B LHEREY) - 06 BJQLUME ) - HIA e — A8 - WREEEF ISR R O L X
gEND. Ihomdh, Afe—AREMEEO—HU T OGO RIS EE-> T\ DHDT, HIEN
IR STV D, JESIXIA B EHERIIZ 35U T 100 mIZET D850 03 503, Z OMi3E m-50 m
BRETHD. LHL, BRR—ABERWZEIRO LD 5 R AL, AR O 512 & AT
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5. 7B, INLOHENREY S L5 RIEHEIL, ZHETOLE ZAMERIN TN,
V.1 H#EEHEEY

T & U TEro - M OFERHE 2 TERL LT D HER C, AR PEET - PR &L OHEEBICIs 1 2
L - RIS A9 223, PEETIC /AT 2 b O O— LR EF AR O MRS FIRIET 5. PEEo
b OITRK Sy BB LHEREY) - KRG - /N ARHERI R OAREFIEIC, THRIHBO b DI RERE K O
EWRAHEEmICE Ky S, IS 2 b OIXHIPE LTS

VO1l. 1 RENSHEEHEEY

sl Lt D B L (337 m) 13T, AR 300 m DHLFUZI W T, /MER DEED 2 L35, BET7m
A% OHEREATRO b, JES 1 mAlEOBKE ARG EANTEL TV D, i, FHUSOETK 2
km, #EEA9 250 m ORARMGIC S, [RIERO/ N L OBPERD & 32 & F- 2 HERM 23534 L, JE & 10 em Atz O
BEIR D B OVEEIREDRE 127 L o KRICER A TN DL 20 B 037 i FE 1 76 [ 0D 7 [ ek L 2 s 1 2 9
B - TRCBPIRE (B 180-220 m) KU 232V T, AKRERE &0 b i WA & b
%.

VO1. 2 WRE - IMHERREEDRCALEE

T B 00 B it I e BRAE S I 38 T, RIENN BN Z 4 ) TR R ITIA < 43492 b o> GaEfflE 2, 1957,
KBHE70, 1076) T, =BT T 5 DT, —fE L CRRBREL IFIE TSGR, 1071).
TSI ARG O FERBIZ AT 583, /MEFIZER STV O T L CRRT.

& R T PN LM X PR O [P IS USRS & B & 5 AKBFE 3 53469 2238, W i b B B e i 3R
LMD KR AT 5 b OOBEEE Y Th D, ZOEMICRIT 2 WEIXO TG EE T, T O5ER
FARHTh 5. MBITHE N THA T D/ IR AR O BB S LAY, 7 L RIE HiE © 150 m {4k
WD Embh, IZITHEE 150 m OERERE Lo CHBOSERE Lz, 7ok, 2 C/NRERA Fidt
MOTFEITHER SN2 o7

& el (LB P S d U DA o N AT OFERCIE, P PG HII 351 2 BREF IR S O R B HE L L
7oA 200 m AT O EHEAFE SN TR Y, & ZITIXAk—R KOS DAL D BN SAR L, ibfE
« IOV MNER OB A TR Z A TS, ORI X 6-7 mEET, W5+ RERROVEIREEE
ERESICEY, Blu—ABICEbR TS, Z ORAHHEREY O /046 8 1% 200-230 m ¢, X
SRR 31T 2 /IR A SRAEREN D 3 AR i BE L 0 s, PEIR - S FRSE DSEIINED & /R TEHERS )
WYL, b FTOBETZENZNAREENONUEBICHET 500 L Bbhd. 547 I R TT
HeREmOERZ77. FRIZBWT, 2 b —#HOME 2 R EAICE > THERIT 2 AR bl
L0, THUTE2A L VICHY T2 L BN AR —AEDOATWDH DT, T AL
B D R 72 B EEHER Y & b D .
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F(Pebble)(Im+) o

AR {\‘/)l/ f(Imzx)

oo
oW
!

v

o w1 0 od
A~ T e~ T 0IN D 6§

;JE\%%E%{ #OM5-1.Tm) ’

I3
AN LN WS

b FEB(0.5-1m I
MR B
£ #(Pebble-cobbie)(Im+)

HATI RS o AR IR S D /B A R D PEAR.

HA8X  RRSE ORYELE & = O T OB R AT AR (iR ).

vl 3 RERRUVEHBEERERD
AHIIR PG B 00 B Zh 55000, 5+ B R & W T A T o C IR B R HERE I A3 A < i L
BB LHERT) B OV I A B ITE D T\ 5. Z O IRHIB R IC OV T, & EE) (1957)
(2 & o TRHEMZRDFFE DT DAL, WA HE 2R 2 U= &, £ FALOBH#E & IZXKy STy
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L. RBEITEL LTERENOKY, B - B R OEICETE 2. (BB ORE S 135K 70 m LA
LIZET . FE TEHOBE O FAATE S 1.5~ #m OB A FHERI 340 L, BIFERELLT OHiE %
EREOIGE L, TOMLICRABERIKE 2R IEmOBEERRONI GG LN 5. ZOBAN
HERE LA T OE o WG & FEEI TV 243, R TRHERIY) K 0 FALOER 3 XM T 7/ g 3 L 5

HICBET, FTHRIZHL TR, LR -, 2 CIREERARHEREY & Bilen fidiby & v
O, EEEIEA (1957) OEWE T X I mE L.

V. 1. 3.1 EBEBRRRHEED

ARHEREM T R AH em DJF 22880 7 A& B P, SMBUL/ VIR A TRHERE IR 5 . R T DR
B EIAERANZ AT 21F0, BV RO OmEFIc b /Aoind (F481K). F/z, ZAFlhiom
IR RZEFEAN THEFICHET 5 2 B35 T W5 GEFEIEA, 1957). FIZ, AT Lo BAR
A b3 L, & 2 CIEMER 290 m ATV T, AEEE 2 M T TG +RERE2 B, P& OV
JBlcEDI, JBIIX2-5mTh . ARBEAMHERI O S EEIL, B R FEE ML OYE 0 R H TR
140 m, HAJIRETHEO M, BFEHRFTB-120maEZNEIVRLTWD. LA T, 2L LCH
FEOEFIZMD> TR T LR S, HEAMAZF.OLLE LTARBEZELTWEZ LRI b
5.

V. 1.3 2 REE

BRI RO WA R, O TR - ILIHIC 81T 2485 150-300 mIZE D E TR i L,
SIGRITEHETH Y, BHE L LE LV, ZEEER & A HE2RESHROIMNTIE, BB O KLEE
0, —H T AL OB A THR D & 23 S, HIREREO EICBH L QWD o R 6N, ZOM
MICi, (R8I & B A HER A I Rl T ISR 5.

TR E RIS DR I &> THER SN TV DO T, e OBtEr ERICFET 5 2 SIINEETH S
D, PAET DEEPCE I K > TREDBYEZ H HRREBI T 5 Z LI Th D, B2, RIUftiEom
BEICI3EE 70 m L EOBEEAFE L TV B2, TOHICIRERE R OIS 2 BN H 0, RAMIC
WOREFRFROHND.

Mg J2& 40 mUL k)

FPRLEK A BEERE (My) (1-4 m)

RARTER AL S BEE (K97 m)

AWK (KyP)

e MBS RO L v X e GBI ERIE (1-2 m)
WK JEE (1-2 m)

B8 L7 2-5 cm O P L JefE o HJg (1-5 m)
PR HITRITR O B S

INHD S 5, HIRIK A GBS (My) THRIRCK LK B Y, £, BEAEEICS (KyP) 135 mm A
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RS 220 FEELEEE(M) &
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HEEBAE EHTER I AT I T A
g 9 g 5
3 3 : ~
© d
) LI Abies [
b S AP-|
Ky P icea i
Pinus 3 AP-2
I 3 NAP
oo i S FP
= ciadopitys
: 5™ — ¥ ZFS
——] | Cryptomeria
1, SP.78
= Alnus
Betula
e .
Carpinus
R s g
Castanea
- = N
Castanopsis
Fagus °
-
N =
= r =N
3w = 3
AL ZZ Q
naa| B4 =
U 200 200 BIATERHE)
= Lepidobalanus 234 256 TERARUISFHIVE)
Cyclobalanopsis X P EOERIBIARTES K (ZAP)

== Ulmus — Zelkova
T T 1rex AP -1 SRS

AP -2 : [RERITERS

] Tilia
[ Styrax NAP @ BAH
b . 2 BE S ABIE ¥
Artemisia FP FLBE S HRTLHD
Carduoideae FS T L AEe T
eI .
Gramineae
_ET
Cyperaceae

Monolete spore

H51X (BB OHIER Oy ) H— 7 = A BRI L D).

DL BILY , TRENRL— 0 EE - OFRET TR0 D Z LN TE S, FHTMy 3R - ST
IECIRIRIEEBRIC AT 2. ZONMEER, UL O ILH T+ RE#Eo Limlc, JEEHm
DB % IR CTIREA 270 m OALEIZH Y, FLIFFI S T 220 m 43, #2(LAFIEC 170-160 m &K~
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. 7, KyPIZARILILIRIC X < #i5e U CoAi L, 2 O BRI C 130 m, RZFOEHIT 120 m
DIED, EIFRKFEERNT 216 m» 5130 m ETOMER LTS, WEEICE & b, T DA
IZEFHO LM - RO BB AHIC M > TR T 2 8mME R L Tn5.

(R DI, [y R bR B 5 Mk CILRRIC B 5, 1y RAHE R 125-
110 m BAF, [FEEHAPN T 200 mFitk2 6 120 muitk &< L, &k & L TR RIIRIZ 2> T 10/50-10/120
DOABLTER T L TWD. [REEAARIT D O K o B IS 2 IS = BT ¢, BRI IV T
FEER 140 m &R L7223 6, M HIZ A > C 10/300 AFL TR N LT\ 5. BT ORI N7 FE
BT D IRBEITEREIICT Ny b L, JEEO—HITAER 150 m T E TEL TWDH A, BHEMHET
1390-100 m ZAERF LR35, ST G I > TIRF LTV 2.

R OHEREE AP SN TN D & ZAIFD RO T, ZOHREE ZBH T2 Z L IXR#ETH 5
3, HERE) SRR ARG IC350T D R E L O E A A m TR M@ Y) Th D, RIKICET 5%
ERROATIE, WA EHERE OB th ORI O R LS4 & IR TTH Y, KIS AREE O 43 A
WiEzERT b0 L Ebhs.

R OVRJE ITRIEORHIRRE - —SHEIC LS HEEL WD, (RBFFHIOB LEICKT 58
IS0 M@ Th Y, BNk %25 51 IR T, ZOxHREOEREE T OB E R RS &
na. £z, AREFORBVOBEREICYH, ES 10 mOREEA 04 L, Z£OHICHAEST DHE O
RO WEOERIEANEENTND. TNHOREENGIL OstreaDFEH B G TR Y GEEEZ
73, 1957), ZOFHEORRE ORI, MKOBRAPNATAHUI KA TN LERLTNS.

V. 1.3.3 % Lt

BATHR 2 ST Gy, 1957) LU= & OBk L, [ U <RAMHER & & 1B g
GEEEIZA, 1957) & AKEFE & DRIRIT, BA AR O SMBLIFE R A T8 OHERS - SR EBIC B\ C
o THEEIL TR Y, (WBBIIARKEC, BHEXSEAEICEN TS T 5 B2 bz Gk
73, 1957). ARBEICEENDT 77D 1 OBMRBEDO KYP T 7 Z Tk TE D AMigEAR&E VW &
0o, BWEODIR &b HILFERBORRY TH D LB N5, BT U &/ B ik
T &%, BEEMMRICB O TANGICED A TETW S, LvL, /MR AR E
NDBREESERIEOHRERYICIIEENTOARNI L, R, ANGORITRSER Y, iR i
HR D FNE L ABRNWZ Lnd, MEZFBECHLT 2 Z L ITRETHD. Len- T, BWREX
IXUEE & BWE L OBMBIRIIBED &L ZARHTH D,

ootl. 4 AR

T - Tk EBEICIE, TR ATE > C, I R OBTELT J > RS B LS IE: 4
RDS 45 L, B 120-80 m 0 SEH AT LT\ B, = MR A M & WS, VR I
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KB A AR ZRRE LTHH L TWSHZARR (LR b 5.

001010000000
AT A BV L I ALE ORI A LIS HE L TR D, A MO EENILBE O Z R IEHISIZ R 9%

$6K VTR A BB OFHME (19834 1 A BAE)

H A& P - -
e T8 A A [ o- | 1
B |y | AR BN )R] (°0) || mel) ® %
# &|sr-5]1,367913-1,350 1974 100 50| 30.0/19,320] o4.6) KiLFT (197941 B) wiE
SR-5B|  708[287-425,445-700 1973 —| — — — —|
B0 4| SR-3| 1,343/609-1,300 1973 131 121 27.6[15,870] 42.1| 1084 ARSI B L
13 | 1,334/304 664,868-1,325 1975 231 220 33.518,400 58.2 7<BLV

BETRW| I-1 | 1,108303478,604-1,175 [1976| 214 236 30.215,700 68.8
1-21| 1,242303459,717-1,192 [1975 320 345 32.8)17,170| 69.1
B 1-28| 1,207(369-549,648-11,188[1981| 159 187 32.0(17,650 75.7
1-26 | 1,1701430-1,106 1981 307 311 35.519,660 99.0

B SR-3| — | — ‘——’ 127’ 105’ 36.5‘19,460' 98.8‘ 198248 1 A 0fE

(G BMEE TR SHEEL)
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HTHR ELEH R MEEORKIRA A DKL GEA7 < vol. % ; SR-5B 1% 1976 4FE (i, fihi 19834F 1 A BifE)

= “* A - He | H, |0,|N,| Ar lco, CH, | C,Hq | C;H, i-04+0 1" -
1
B R [SR-5BlELE tr | 0.000 [0.00/0.000.43 [0.17] 98.82] 0.032| 0.010 tr |ZERIBAMIEME
B ah | — IR . #RAAES 0.00029 0.00081]0.05/0.56/0.0114{0.49( 98.87| 0.027| 0.003| 0.000nI-2,1-22 % &te
BT | — =R - Z57AER 0.00030( 0.00015(0.07,0.43/0.0120/0. 53 98,93| 0.030| 0.002| 0.000n)
HFI | —  [UE - EEHER 0.00033) 0.0005000.090.29/0.0073(0.33| 99.24( 0.031| 0.004| 0.000n|
). 1 HELcb oUSMIEHBIORE X ADMERTH 5. (S XRBER=)

2) HUBAIXEME (1952) CL34HTHS.

2, ARRIEHISI T Z ORMEICET 5 8 Hi (kI 22 ET) b D FE6XK). AN AMITFETL

M Lo TRRTE - AEDMT I TV D3, ZEREHUE CRURANBRLE L 72 DI 1972 48, Z LAV ARIXIE H

BNICR AT DIZ 1973 TH D, BIEZTD D B 65 b T AROMBIANEE SN TS, T OAFE
SLZIRODIEY THh DH.

42 A BT I 2 g 1 fk
BENHLIH 364 6 Bt
IRIE P 6 Hi 25t
A 12,400Nm3/ H 1,362Nm3 A
K& 8,000kI/ B 1,420k1/ A
ERVE Fiyice 17t A 3t/ A

T KR OKE D B OHEENE

KIKIT A

ARHUNZ 31T 2 RIRA A DKL A B TRITRT. TATO R X 1398.8vol. %%z, CHy £TD
HRIEKFZEZDTNERL, N, KIRCO, 2 LEATWD. DX D AR D T AR, T A
8O (BRIIBEF) 2055 % D8 E LR LTWA,. B, HAKLOEHMEE, &0 AHT
1155 Th B4, AHILANDOZ1E0.959 T, TEROFLE UTRIAHEO THON AFITIFE LA LS
NWTWeWE ) Thb.

7 AAFREIK

AR 31 B H AR DKE %55 8 #IRT. KiRIE32.6-35.0CT, Zhnb b FEOFLAE

RIFEAHED FEHOFAEIMEE A EHNTWRWZ ERMEESND. HAMMADOKER, b R
REEA AL DTN L, BIORBA AL LI VRAF L EDEIVNEINZ EERS &, LRERDOD

DERVELIR.

VI. 1. 2 EBHRHE

AT A BT B TP O KIE) 1A RIS FE LTV D (B 601K) 23, ATV T, SLES
FRILRIF VNGB REREEDD. AHAFCB W TRIBSEANATONIZ DL, 1953 475 1960 412
FTE, 1977 L% TH - T, ZOMICIRIF 1HE2EGT 12 ORI IThNIR, £2D 5 HLIFAET
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HeFK M LS A MO M AR DK

_ KMnO,

£ W | v Zk(i% pH | co, | HCO, NH,* | Fet+ | 4 Fe MnO,
% w122 34.8 | 7.5¢ | 23.2 222 105 2.2 2.2 59.2
® OF o | 21 32.6 | 7.40 | 44.4 291 105 2.1 2.1 54.7
B OF W | 126 35.0 | 7.45 | 34.4 184 75 2.3 2.3 76.4

#) 1 FHRERRCKREOR LSV LORFHEA TS, 2) I EIGEIEMBEA 5 5.

EHR-2 HEER-3
SRPR. SP.

4

i

21

B

R A b
v = 3
3530%, R E70% D ERB

150 1000™ 2000™ Bmh+REH
— — ' o TR

H60X  EIR X A RGO MUEARRK S ORI LK (RS H AL, 1961105 5. —EI%E).

ETOIBIRITRTEHTHS. 7228, RFIONRITKOEY THH

BRI IF 2451
IRIEHLIF 2451
BE 8 #i *
7 At 1,000Nm? / H
7K B 950kI/ H

*IBIFUCOVWTIEHBELHAE LG D.

KIRA A
FIRFA A MORIKH A DML E FE 10 RIRT. AHEE A AT LT 5 3HFHOHN AL, BkFRA
HABAFEEN RL Db DIZCO, MFE A ERD BNARVEEBRW T L EITE Y, 512 0.015v0l. %
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(B Lz b OLSME me/l, 198342 1 BHITE)

cl- Br- I- | HBO, Si0, Na+ K+ Mg+ | Ca®+ Li+
i
17,550 105.0 65.8 ! 52.4 52.4 9,700 120 299 550 1.0
17,240 105.6 166.1 52.0 8.6 8,700 100 335 509 1.1
19,370 120.6 98.5 69.4 12.8 10,700 50 276 608 0.86
(e THRRALIED

EIR BB ABOHHEE B, 2RREED)

o — | H A B _ _

e x| 5o (0| wewe R0 AR OB | Gl wan LA
HEXAR R2 851{714-829 1959| 1,620 1,330 41.0| 3,876 20.75RTREDE, BY¥
B Of1 & BRI 1,084]1,009-1,081 [1977] 410| 470 45.3 — —|19834F 4 AfI%E, KRRV
BIERKH 2] Rl 850/547-768 1982 380 432 34.0( 2,547| 12.8[19824E8 APIsE, V7 b
T TER Rl 402(233-402 1972] 365 4000 26.0| 5,647 90.4{19724E 5 AW, HWE
u | B A #HRIT R3S 8024000  FERFLY |1956] 480 600] —| 4,820 21.652THEDE
& A ) BERE ™ — —I% B| 2.16] 20.0f 129 —

B) D BEAERY REEG) OFAR (198145108) 360 mffif £ CHEE LT,

EI0F% EIEHT RAHOKRY X OB (8 : vol. %)

¥ # wx@E | He | B, | 0, | N, | Ar | O, | CH | CiHa | Ol [oH oo
HAE R2-1 B EF |0.015 0.000] 0.13] 3.13] 0.053 2.11] 94.56| 0.011| —| —| 1982 H &
W}ﬂfu«%iﬁ%l H B 0.015/ 0.001| 0.24] 3.06; 0.046/ 2.06] 94.55| 0.020| — — 1982 ”
EXRIL | B 0.016 0.000| 0.22{ 2.98 0.038 0.06] 96.69( 0.013 — — 1982 ”
"é',’ﬂﬁ R1 ﬁ' lﬂ 0.001| 0.000[ 0.06f 0.67] 0.011] 0.19; 98.98| 0.000| — — 1983 ”
JUBFRIL 3 & P& |0.004/ 0.004 0.62) 2.850 0.45 | 2.81) 93.55/ 0.028) —  —| 1981 P
B mER & M | 0.015( 0.000| 0.55/ 24.64] 0.70 | 0.49} 73.51] 0.001} 0.000, 0.000 1976 »
) WBAIIETE (1952) X 34 Th 3, (&8 XER=)

UEDANY 7 2ZELTHDIOREREND. ZORTIIGZADOERAALFRETH DD, ZOH A
1XEESR 0.85v0l. %IZ A I EAEGINTS, HEED N, &L, JhUx LT, EiR T &R
R1 K OYUNE S RIRIT 3 DT AL, BiE D A X AREED TEVVIEZONE, B o7/ it <, ~Y
U LDWRE L HAEOHEFERMIEDHETHS.

T AASREK

BT A DT AR DOKE % 1L RITRT. FARBITEITE S, R DR bEEL TH
. SRR 1 R OVE IR RRAT ABFHRL Z5k< &, B RriREEA 4303 b 1,000 mg/l %8
Z, KRB 2 R R TSR A A28 129 mgll La iz bbb b5, 242 1,060 mg/l & % D
HHENS., F7o, ikt FEJBZMK RL 2Br< &, R A 40 L OWERIZIHB W T, A X liiRORRE
DSV, RRCIUVEIRIL 3 D 445.0 mg/l &S EIE, [FREIZRWTHARTI0MLINIZAZ B A AHO
LT R-LIZIT BT 720 A8, B B LR R ISR SEVVETH 5. IFISTRR 1 L OB Z IR O A A
MHEAKITRRE LTHRIHESNTWD L, 7z, IBEAIRILEE B0 R2-1 XL OVEIRH F &R 60 R-10
ALK S, BlfE TR E LTRSS TV .
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W11 BN A HO N SR OKE

®ooH ?%55 pH|[CO,|HCO,~{F~| Cl- |Br~| I-| HS~|SO,~| Na+ |K+|NH,+{ Mg?+ Ca?+ | Als+
IBEER R2 39.8(7.6 32.0[11,435 | 3.0| 3,143 9.2[15.3| 0.4/ 1.2 2,55121.7] 6.1} 10.5 15.9 0.2
EFnaEE | 42.87.1541.5]  799.7] 1.0[ 6,68419.6132.8 0.1 1.8 4,48848.6) 15.6 30.4 66.7 0.3
HFE RI 21.9)8.85 —| 219.7 3.1| 2,547 7.9012.8] —| 1.0 2,185(13.7 3.5 5.6 5.1 0.3
i R1 25.808.1 | —| 1,006 | —15,440/95.2]83.2) —| © |9,50027 | 33 | 170 | 310 —
ABETS | 21.07.80| —| 1,800 |1.35,61323.680.7 —| —|4,140020.7 6 | 15.0 14.0| —
BomEs | 20080 — 1,060 | — 12090 — — —| —| 475/2.3 0.4 1.8 3.6 —

B AT ABIZIBNT, BUERRAT A& L TEDILTWD O, IR A IRIEER R2-1 K ONME N2
ERL1O2HHTH L. BEOEERIIEIRIIRINTNDLEY THDHA, 7i& 1L A & 590NmMS/
H, KB 480kI/ A &\ 5 HHERIL CEIE SN TN D, HIRDELHOME DT, B/ \L—4 =7
MOFSITEPNLTNDZE, ROMHAZDO OO —HHEICLIZbDTHAS D

VI. 2 =T BEOT o F =4

AT D ERIK E LML TWD O, WH+REHRO~ Y e 7 v FE=—§T
HHD, BIFETOTN LRI 2o TWAD. <~ H U HRIEERITN  NEE 5 2 km FHLicH 0,
o T EAKIEL E LTBITS N E SN TO BN, SLROIAARIE I 52T, IRFL A IEH
v NTEJE ORY A EXA HJEEIC D 208, HERMEEFICBE LR & b b, ~ o U RIE A RIS
FaEAmbBI TRV, Eiz, Bl RAGE O LEEU N R OE ) H - B TlEsal R OSERERELS
ZIEE SN TWRY (5FFE2), 1979 5 1982).

7 T HURITHETNEDILK L km T2 H Y, o THEFLL L LTBITSh, 19204
736 1952 4EE F TWrsehUIC HHBE S T D (TR, 1955). B IREEHT v, SRz A g
FICHHET 2 ETICH Y, E - WRHITEICHE DB EEICIER LT\ 5. SEAROMEIL 7-20 cm T, 5y
FIZB0 cmIER LTV A Z LD, TROBEIITATERSEOND.

JEIHISIZ I T 57 T = — R & U TR (B RRIEHR) & OSSR Ln sk,
F7o, BT REHURIC &2 OFERHEE ST D (MEFRERT, 1955 ; ABFiE2y, 1976). Wb L
ZOBICEEN, TOMo BREHICIIM S TORY. FIRIETICR T 57 v F T =— Rk
B (BgnmatE) B af L, TOKBIEEIIEE L TER SN THOEE X LTS (HIEH
AT, 1955). £z, EILOVNUIKRE CIX B it LB ICEENn T 5 (5HHFh, 1979).

VI. 3 ZEFE LK OAM

AHUKIC 1T D IEBBIEAMEFEIRE L THHNTWD DI, ZBEFEE L TOHMNARORE T &, e
AR L LT BRI S OEFEEIE OKF) Thd. ZBHEERO S bigdibE iRt L LT
1%, BIRFTTAALT 2 BN B ORERKER LRI SN TV D, ZAUFIBERICE 2, i



&5 Lic b ook wgll, SRBEETER OSI & 2 b ok me/ke)

75

Fet+ | £ Fe [HSiO; HBO, KMtOuggars 1 %
0.2 —{ 21.0j 353.1 11.0[ 1982 4y EIBERELHEN (KMnO, cons. % &<)
3.0 —! 30.3| 330.1 —| 1982] «# ” (B "EREOfE)
14.1 — 22.7 325.9 —| 1982 » ” (1Ediz CO42~ 219.7 mglkg)
— o7 — a2 27.9| 1977
] —  —| 445.0 58.20 1981 4T —¥EERRY ARER, HEPREBTOHE
4 ] es — 1977
(838 L b 0 DA R B =44
#19% BERH L LTy 35T 0RER (B TERRSERC L 3)
% + | = w | SO, | ALO, | Fe,0, | TIO, | Ca0O | MgO | K,0 lNazo Ig.loss | Total
7 59.97 18.20 9.56 0.38 0.17 0.8 2.84 0.8 6.45 99.36
?(f%?%‘% sk 68.771 16.52 4.19 0.52 o0.19 o0.64 2.50 2.04 5.05 100.42
BiexmE | 67.23 17.78] 4.0 o0.24 0.20 0.8 2.37 1.20 5.46] 99.32
#BEE | gl 6l 2009 sa3 0.8 0.5 157 2.58 122 6.24 100.21
(i) 60.18 2t.25] 5.70 ©0.28  0.55 1.51 2.79 0.96] 6.72 99.94
FoLX KA (AT KRR SS) OmYISEr (T 2L AT
RS LR, SEITIHNEEE L CTEDOADIM BTV D, PR R AEMIIIK A Th 528, kil

IR EMBEEE TN DHNICL > TEBAEZH TS, BEIRETERRG ORERERICLD &,
[RGBV BERRIC L > CIREBIC KB Z 2 L, IR e sl 2 R 9 5ERS IR 1,200-1,250° CHRAS (0 &

0D,
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He2M KA (N KREHER RS E0) O GIash (o ] My 2T

FEGERR L& U QT RIC T 2 R (IR 2SS, £ OSRIE RI3AH
KB HtTh 2D (IR TIERBRBEED . R LIIERE N oG SNz b0 TH L. ML RD
KOS iE A 5 12 RITR T

I B ILIVE AT O VSHEBEIR A TR A & W, BEE O L6 - AlEZR O AfMEHE LT HF)
HEn TV, AHMENOHWEHEITIZ L ALIRETHD. hro TRIFERNTIHOMT] 7 5K o B
(CEDHIRDOAFTCTHESG R b (65 61 K) 23, BAE TR FOBEAN AL & iz 1R CBIT
STV LI E a0 (5562 ).

VI. 4 &k X H &

VI 4. 1 GANOGRR

RIEN] < AER NTAGRITE 2ok i 2 MERs L, AHUSIC 10 24508 & A RBRBUCEE A RE 2 /- LT
Wb, HIBRIFMARICBET LR AR LIcb D THD. [FHRITIE, DT, LRGN
g 21 E0OHIBIZI1T DL 2 R L7z, i dIsisteiadfilim il s L7z s34, Hifia: (AL
HAE YV O ) [P RE OIS T, LI OTERE, R A0 & BB L T D,

mAE+REEH L E 25 X HH O FRO L8

F13RITINT, BIRIALE O/NFUI « Koy AR ORI e Ot R o 145+, A s < d
208, W+ RER I 2 il & A RFEMRINITH D, Lo T, TS OFRJID IR TR TR
1 0.0026-0.007 (m3/sec/km?) & I Kbt 7.4-9.2 (m3/sec/km?) 1%, TUJT+RIEHEZ il & 3 2010
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#1835 KIE) - HRNITACRFIZ BT 25

m3/sec LA
"ol W s I e i el e B
gk | wAk | ™) gk | wk (mm)

* REJITH 1 H|GENEH)| 2,126.0(8, A, M, K| 5,39442.10 | 4,455} 2,537)0.0198| 2,096
ﬁ yoer )| & M 1,563.5| A, S, K, M| 5,060/37.16 | 3,452| 3,236/0.0238 2,208} 2,700
& RN ER NE MEGE IR 2 )| 860.6/A, S, K 2,300/24.79 | 1,988{ 2,673(0.0288] 2,310
R AENB B OH 381.0|S, M 2,400 4.95 | 991 6,300/0.0130| 2,602} 3,000

ek i Bl 102.6{ S, A, M 1.326 0.0132

R ¥ bd 53.908, A, M 0.735 0.0135
ﬁ HEJ TR ” 17.3]S, A 0.262 0.0152
&= |BiFEEs Ny 18.3/ S 0. 140 0.0077,
;ﬂ = i i B 15.8S, M 0.112 b.0071 2,800
% e, R NI ” 7.4 M, S 0.038 0.0051

el A Lﬂﬁqzﬁﬁmﬁ) 13.0| A, M, 0.417 0.0321

Ery-gllasri )32/;&?( » ) 4.3{A 0.126] 0.0293
% NN CEBR) B R 396.3| S 3,260| 2.32 | 1,008| 8,226(0.0058| 2,772| 3,000
WOEGENC 2 ) = ® 1,044.1/ C, S, As | 6,023]16.00 | 2,025( 5,769(0.0153| 1,939 2,400
;?E EEN(RSR) (BEE 278.0/ S 2,560( 0.72 377| 9,200(0.0026{ 1,357] 2,000
X (mEFHIEaR)E B 1,807.6| S 13,381|13.30 | 3,680| 7,402/0.0070| 2,036 2,600
%mEM@ﬁ%%ﬁ 3 450.0( A, S 1,15716.49 | 1,102| 2,571{0.0366| 2,449 2,700

S WTRERE M EIRERE A BRALEAY (VT A) K EEKILE  C: B - iR As: FTRRKFHTHERY)
ED W, HRIACRICOWTIER 44212 A (FIRTKESS, 1970), i 55 42LL0RIT 10-30 A ] (ki &ing) 11/, 1980)
2B D AH.
2)  HIROMEIRGT (1971) (< L HHEER.
REWRMEL BT 2N TE D, —F, BRBRKEHTONFE)INE T AH#EE 23k L 75 R R0
RNNTH Y, Bk 0.037 (m¥/sec/km?) & K 2.57 (m¥/sec/km?) (X7 AHAFIZI51T 2
REMRMEL D ZENTE S, T AR O DBK T EIZ DWW TIE, FTBIED (1964) 12X 5
0.037-0.04 (m3/sec/km?) K UVESEF (1976) (2 XL 5 0.024-0.04 (m¥/sec/km?) NENZNELN TN S.

KN - BRNEKRICE T HELFE L HE

ARHUIZI51T 2 W AKR OB N R S 5 il i, BRSO 5+ RERE - o T 2 M
TN BT 2RFEOPROMEE R LR S, TR 5 E R OB I < B LT
5. Tbb, KN R & KIE) i oo 7R 3K LRt IS 2 412 0.0288 K U8 0.0238 (m3/sec/km?)
T, VT AHEH) N O HFEEIZFL LTV D03, i KE 1306 R KILEAY) (3T ) Dbk
0, BREXIEEEED D &, ERE D 80-90% % (5, 780 BIUT+HREHEE o TnD. Zihud
*F LT, VIR ORI 70% 2304 )7+ FEHE LM & 72 > TV D AT ¥k Heii & 0.013 (md/sec/km?) 1,
EROMT+REREAZET DWINCRORIVME L 725 TV 5.

TER)IIKRITB T, O KRH D285 HREH T EREIIC L > THD b, —RICEKE
WMEIT/NISVR, ¥ T ZAEHRBR L2 @R 250 OXFEMNE (& LTy 7 250K DlEE )
DIFEKE) (ZB8T 28K 1T 0.029-0.032 (m¥/sec/km?) &7 L, o7 AHUHHA I OAREAE & FHEL L T

W5,
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VI 4. 2 s TFKEEFRR

ARHIZ 51T 5 MU TAKITIEEFEEF - o T AGH - ZOMOB R L, 3L A LH LWL FHMTHDS
DA, R RE O REOHTARIL, AL« RIENAR L ORI AGR B W THRK SN T
W5, EiZ, YT ABHITIT LIF LIRS AL, BHICET 2 EELKERLE LTRSS T
L. IRHIEWTILS Bl KT, WEEASEERKE L 2o TN D,

AR E O TK
THR + AR ORTE AT O OIS (BLRR K& QN0 BEE & IR RADEERE) FIZIx R

63 KIENARFR EVERARRIZIS T DRI R FAK I
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o7 AN
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s oo ) % 12,32 °° o
o SAN N2 77 L
oo ° s oo %0 77
o’s% o oo o 2, 70
e e e°° o0 sz
] 2% . 2. -
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0! B -2 AN D) .
Edw _
| © o o T 5 © 4
® 7
iod e 7 7 o
z T ek 27
(m) X iHofoRfL

¢ PIIHPE, BAGKINDE DT
13357k & (mP/day) 2R T

641X KIENARIB I 2 P HHIARIRI & RAL Gy - BT - S0 R O EIG T O TR L 5).
RAFED B, B2 e AT OAGEAI E L TRHIF S Tnwd (8 631K). 1ERI FIRIGRICR T 5
Z LUWMRIAK DFFAEL, TERETEZIC I T 2 BRI & ARE A0 D DREICHERE S Tuvie ORE - i
N, 1962). ZOFEFRIXTIRTOEMT D L A L0, BF19ERITTOH 2 KM & LT, AEIHXIZ
8 m, TR 6-8 mOEH AR S, 1% Y A& 5,000-6,000 m3 DEUKICKL L. BEF157
EBUE, BIRTICRBT 5 1Y 0 ERAKERN 10T m 0 5 5, 0O 14%124 % 14,000 m3 23]k
KORIEAKIZE > TENRDONATWD . ZDO%, HFRNORFEAKITIHFRATIZ XL > THFRIH S 4, EFH
KB OARFHIX D FREZ L - C, B 57 4E8IE, HE VA4 7,000 m B3 Buk S Tngd. Fiz, A4
X > EFAN I B R R O E R B T3 i L, £ 512 X D BUkEIE A £ 5,000 m3 2L -2
T2 (EilbkEkl) LHEIND.

ERNIRRIZI T DI S O AT TRE <, LA ISR 28K E & AR T L
DOBERERAETIUE, KIET 1 m4 0 ofkEiz= 7 U— EHF (£ 1-8 m) T 3,000-5,000 m3/
day, #f%H (£ 200-350 mm) ¢ 1,000-3,000 m¥/day & HiAEN 5. ERTAER (1970) 1 Xiuf, sl
HIZF 1T 2 ARDHELE D% AIREE 4.3-5.6 X 101 (ecm/sec) LRFE SN TV DD,

MBI HIX N B IET « AR 2R TE OIS 5 KN I1T 2 Rk L RIEAKDAZRITE L <, Ll
B TN A2 > TRIEAKOHEREZEE STV 5. [ U EiFT (1970) 12 LU, #h5I—1EFICE

1) BB R RS HCE T
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L o 0 a o oo = ——|2°° o5  T17"--4 AvA -
° o LR ?e‘:‘gh___g_gol
o o o © 0o ¢ ° o o o =
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o- °o oo . Lo
°c oo
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X ke
6510 AEN | — KRR 51T 5 K BHTMTEE  (anmriAGi R, 196140 £ 5).

T B ARGEAK B B 3B KR B 38 Tk 0.284 mifsec Th 5. F 7z, )1 & KB AEWET 2 ARFHIX
C0.787 m¥/sec, ‘A GIHIX T 0.431 m¥sec EIRE I N TN 52, JERJIVAFEORELNE D Z D X 5 7ekE
PRV, TERNNARGECAKIE N OWIR AR K E N &, RO RO ESR LA S ICETHEIZ K-> T
HERL S, HRIBC L D REDAE & Bl O KEBOBOBIR I TON TE R E R Z LN TE 5.
RIENKRIZIBNTIE, KI@NA & ARE & OEHA LY LRMTIE, FKEOAE, H N L
O IZRALREIT & o TR S 2 KBV A BIGR 1T, IRIRAKDEBUKIZIHE LTIV, T - EEHT & O
BT DK AIR & L TR ST 5. 5 64 RIZZI 5 OFFFHEHIRFOALIREIC K o C, R EE & Ot
IFRT RO LR D o3 AR IE % /R LI b D TdHh D, £z, §5 65 BUTAEI & KIENIATE & OETEFTICE
I B KEME I 2R L7 b D TH S, 564 KR Lz BERKAL & Bk KN R OBk & O BIFR & =ik
1 (1967) 12 L AR A RETIUE, B 1-6 mOEHTIZL 2EE DKM ML m M Ok,
FIHIX X0 R OAE) 735 T 5,000- 15,000 m3/day, A HHX X0 Eiifll o K3 ARG F T
1,500-4,000m3/day, & i &V Tl KiE) IR R TH 700m3/day & 7e 5. A HHIXIZIS T 5 1B

2) ERETMOTTES W ERMORECE AT
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RRPHERE OB KIRER I 2.3-9.1 X 1071 em/sec LA SN TNWD DT, REJRFITR T B W HRE O
FABREUTEICRE AT T ZENHEESND. 202 LiE, AENNCBT 2WEEORARDS, HEE
DFA L FRICEEP O KBEIIT DA TS ZEEZRTHLOTHD.

DS RAEHDOHT K

2P 2 T A B KU R Bk D > T ABHIN IR FE L, ZNSHKBRO bhb. HEFRTK
EIROBEHT AT, FERTIZE T 2 AGEKEI 13 FATC, 0 FEN3ER) i Btk ofs R Lz s
LREMERE R ORYEK (AEERIEHEK) Tho03, 7 AEHEICBIET 28 - K B - Ry
- BB (HmE BRIEHIR) - \EROUHEEOEREICIB N TE, IERAKILIMELY OILETS ) DIFEK %
KIRE L, R 7EKIZL BTN TS, ZNHDOEKRD S &, AL O IR 2
BT B b O b KEIBIT, FEORYE G EERY (I 2> 5 O HiE: A & 3,000-5,000 m3 &
HEE SN TWA. BIFEK 500 md/day 2SOk S, &2 & UCHEFI g LRI s ST g (8
66 X)) .

B 5 Bk LS B 1 B BRI Ok B % 3,000 m¥day, v T A B HUSI T 5 Bk E % 0.03
m3/sec/km?2 & FAUE, BHiHIK D> T 2 HH (1 2.6 km?2) 5> 5 O T ki H B34 6,700 m3/day & 7R
BEh, TOR %N ZOMAICERT L TCNEZ Lichd. HFANNEZR TR FHRICHE 2 km2 D>
T ABRWDB AT DA, FERO SR TRAETIIZL, £ O2FH &34 5,000 m¥day & 72 5.

EBREDO#TK
B WA T A M oD YA B T VR B FLHERS A T O Rb e S Ak & 9% B T OKAMRAE L, AR

66X VT ABHRICH T DM ERAKILE Y T OBSE D OEK  (HEITEAL ) ORI, WE 85 m Hi) .



82

FAROTEMAKZ EICRA SN TR, EAGED YKL OKEDOET 2 LIk 0, BEOFIHE
DYl poTND.

BB (1) - (IV) OFBEEEICITE < D OEEP LML, FAGENE KT 5 F TIE 2 127 XU
RO LT AT Rebiu Tz, BUEORIH I CTh7ew. 7ok, Zh b ORI /KITHELSE & Hok g
ELTWA,

M - B EHhE DT K

Z OHEHFIIARST U 7o M T KIS IR A TERL L, RO RAT 72K IE & 7o o T B MK & HE i LA
FICHERF T2 Z L 25 & LT, NI Bk AN FTRE T 5. HEN 36 4R 25 oD i /KR ARIR L OREFIZ
53, 1962) I JAUE, ITHA B OFERES00 m LA L, 455 10 m 2L EOHFIZR T 5 12 0 OBUKAlRg &
1%, HE20-60m3 CTh 5.

VI. 4. 3 KEOHH

B 14 FRIIRIE) - ERNFACRIZI T 2RIK & RIFTK KO Z 2ABHOHKIZONT, b7 Ty
DBERHZESSKEDO—HEZRLIZBDOTHSD. ZNHDH B, (R (FAKEH) (Co0TiE, il
2B FFANC I S N TERAISN TN D (F63X). RITKLIRIKDKEE, [TEABNREMIC L
DB RN 5D OT, HE R BITEEECTH 2723, WARL b, Ca- Mg il (CaCO, #5, LA

H14ER KIEN - IERNEARRIZIIT DKE  (FHITEEic k%)

Ca-Mg
Cl- NQye KMnO, total FehardnessT.S‘Mhardness
Ak HRRAMA i || (e | NOpN| cons’| G0 [l TS M
(mgfl)
BT B AGE R IEHE 57.4 | 6.3 7.1 0.9 0.2 <0.05 39.5) 77 51.3
g B BT s 1 B Ak IR 57.4 | 6.3 6.7 1.2 1.0| <0.05 47.5) 89| 53.4
M EEET L AEKE(EE) 57.4 | 6.4 6.7 0.5 0.6 <0.05 43.0 81 53.1
X BT AAH (FHHX) 42.5 | 6.7 4.9 0.3 1.5 0.02 44.4 79 56.2
¥ ERERT L SACE IR 57.7 | 6.1 8.9 1.6 0.7 <0.05| 385 98 39.3
M é ,ﬁ;lﬁﬁj:jﬁﬁykﬁ#(ﬁﬁ) 57.7 | 6.6 9.9 0.4 0.9 <0.05] 45.0| 108  42.9
i ﬁmmﬁﬁﬁgﬂﬁgmﬁ# 57.7 | 6.6 11.4 1.3 1.0] <0.05 60.5 157  38.5
gﬁ‘ RN RFA GaE) 42,4 7.2 8.3 0.2 3.5 0.2 30.0 74 40.5
] r 57.10| 7.6 11.6) 1.2 3.71  0.31 47.6| 166  28.7
HEFET EASESS | AKEH (F3H8F)|  56.4 | 6.9 6.9 0.1 0.2 0.05 22,00 51 43.1
NERAT LKESE 2 KIEH(ESR) 57.10| 6.5 10.7 1.3 1.0, <0.05 35.5 91 39.0
§ VEEET EAE S 3 KEH:CRE) 57.10| 6.9 10.3 1.1 1.0] <0.05 35.00 94 37.2
NI [Zig BB 2 AR (AED) 42,4 { 6.3 19.5 0.9 5.1 0.04  53.4] 124/ 43.1
i % [ + 57.5 | 6.3 15.4] 1.6 2.1 0.04 51.6] 111 46.5
iz V) R A (S2E0) 42.4 (7.1 10,1 0.4 2.4 0.26] 30.3 86 35.2
i & I3 57.5 | 7.1 13.8 1.5 3.7  0.42] 42.4 112 37.9
*{@Bﬁ?ﬂ]‘_{:ﬂ(ﬁﬁQﬂ(ﬁ(?ﬁyk) 56.4 | 6.3 14.6] 5.1 0.4 0.05 32.5 175 18.6
;ﬁ)ﬁﬁﬁﬁgmﬁmﬁ (#) 56.4 | 6.4 12.5) 3.6 0.2 <0.05 35,00 172  20.3
ﬁ%ﬁmﬁ%gmﬁmﬁ (») 56.4 | 6.9 8.3 1.6 0.1 0.12 18.5] 115 16.1
V){éfﬁg,y}qujqﬁ (7)) 56.4 | 6.9 11.1 2.5 0.71 0.16] 29.0] 147 19.7
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TEEL) & T.SM GERERY) M L
B TR A TREIZHIML T\
BErARohs. UL, REN - KiE
JUASHE - RN AR S T A DK KFR
IZE5y LA, Ca- Mgl & T.S.M
DOHIFFAR T LI, 1FF—EL T
203, KRRMOLERTIZR R DA R L
TWa. $2bb, RE) - KIENARGR
(RN E OETRA LY THRMZRRL) -
HRIN BT T ZDEKRITET 5
X, £ Zh 53.5, 40.2, 40.3 K}
18.7% & 720, KIENIAHE & 3R A
DTV D2, KENELTALED
HEIZIBWTRERENREDOOND.

DX D BAKRRMOKE DL, Fiik
DOHEDENEZLBEL TS b0 &L ED
na. $bb, KIENARM & HER)IA
FOFRITE L LT +REHE - i
JERER QNG B ) (5 2) 1I2dk»
THERR STV D DIzt LT, ARE) IR
WiTiFEA LW +RERTHY, £
7o, YT AKRIXZEALES T ADIHD
L-> TS, L7ehosT, ZDkH7%
KR T L OKRERIT, FEARICIT
b - RO MRS Lo THE S
TWobDEHLND.

67 XL, £KRIZOWTCa- Mg
WEET.SM OFEEZRLIZLDT,
HIAKFRZ L ORI, WS O FH
ERTEARICE > THRICK S SR 5.
FHEBICBNT, ¥ T AL DOKFRICD
WTiE, BB RE T HN LM, £k
F A FHAN OBKH R IZ Z B ig &
2.

WIZH 68 XX, Ca- MgHEE - T.SM
K ONSIO, D 3oy 3 F b LTV D KB
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SINTRE R OR%F - LRI, 1962) IHS&, T.SM IZxf3 5 Ca - Mg liEf L R SiO, DIHFHIZ L - T,
P75 FARE R (F e L R O ARE L) 2 et & 3 2 FFK G - — > R OURTE) B OY
R &, BB D, v 7 A AT T 2H FARORTAOKE L LB LIZbDThHD.
FEICIBWT, W+ R BRI BV T, T.SM KT % Ca- Mgl & 0 L8 50%i#, Si0, D
EEERIN 25% it 2R DICR LT, &7 AHIRIZB W TIE, T.SM (233 % Ca - Mgl o 27 25
%Hit%, SiO, DILHEN 50%HI%ICEHR L, MHIkIZI51T 5 Ca - Mg EEE & SIO, D L3R FRIIIZA
NbozBLizoTWA. Lo, TSMIZXIT 5 SiO, DEsIE, AREJIKRIZINT 25%Hi
%, MEFRHO LT ZKRITENTB0%RIH% LS NS, Tebh, W+ REREE Ltk & 350
INFRFEA & RFEAIE, EFRMAS FHRAICHA S Ca > Mg EIC K > TRESIT LR, ¥ X
Mtk DRI & HUFAKIE, FXTIC L RO SIO, AL L > TRESIT b Tnd.

VI. 5 1 & ¥ &

ARHUBAZ F6 1T 2 MBS, dok - 0, MR, ROHRKELRERH2. Zhbn b, #
K O & AR AT RIS RIS > TRAEL, BEICBITHHETRE V. £, TROITEREN
RBEDIE, HBREELICK T 2EE - HRIBROBENH E LTEHAD LN TE 2.

VI. 5. 1 K -i0DE

KREHKEL LTHHRR GO T, BROERIZY 5 A TIE, £OREBENRBD TREW. &
IFFUR (1967), /IMKIZZN (1970) K OSBREURICE (1982) 72 SIS %, MEDONREM 2B % 26T Tk 0id
DTHD.

WRFYIEA T, BAM2HFE8 ADBERIZL A b OMRKE L, KIENNDILEIZ LV &G - MG & OURIL
ik Uiz, ZoROERTTICIT 5 REAKRILE K H 290 mm, 5 A O REIL540 mm THh -
7-.

BEFN 14 4F 10 A OB RUTERATIC 31T D BB O EZ © 726 L, HiiiEL05E - 17548 58 A,
IR Eig7K 2,000 FCTdh o7z, FRTIER)IOIREIZ L DIERET P.OMOEEFIFHEKRT, AESROSED
MRL WD, EFROEED S L, FIZEIT D2WPEH RANEENTND. ZOROERTHICHET S
B K A 5 587 mm & f KIFHIRT B 134 mm 13, 1886 4% (VG 194F) [RIEIMEAT OBLRBRAALLKIAE £ T
KGR & 2o TN D.

% HIEFN 20 ORI B EZ X T & L TREREFICHE DN T D, B 29 FITITIUNFETEID B
DB EEEA 4ENC KT, R 9 A OBE 12 BT L CTiE, KIEN &AL TR OWRE LIRS Y,
F Iz, ZROH - NN IS T DRAL LRI E - THAILE AR A Lz, HiRHIZ IS 1T Dk H &R
170 mm, 3 H ORI 290 mm T, Ak & L TIEHBBRREOMKRE TH o 7n’, Kig Liigko
AU I T 5 3 H ORI ELS 660 mm (2 L, FitlOBEAKICHE > TEE & /N AdRmk Lz, 2
DRFOPEE T E IR RAG O LIS W Tie b R E <, RIMUIRZ B0 HEE - 175 AR 64 NIZ KR AT

WA 57 4RICIE, 7 AH D 8 AIZ T T, MENATRZERIZ & - T3 [, BEUZ &> T 2EIOEHFZERIC
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REEDI, KREFITEF 29 ERHEERL L CTRAGILBERICE T Lend, BRTICE T 2BKEEAREE b
200 mmATICIEE Y, ARHUTICI T B BE T D o fe. LasL, KRIEINCATET 25 - /Nl
INO—FIZHNAILEAFEEL TN D,

THHIBEDOUAK LRI HROFEIERH S 5.

1) RIENARFIZIS T D FKEFOKRMITILE R L D 3-5 m TLITH 2723, mEDOUWIKAKALIZ5-6 m
WCELTNDZERMBNTWD. Lizido T, EBEEELIANY, dok - LI X 218 & - HERITILE
JRO ISy, R D EE /AT Mgk 2k U CHHE IS AT i Tz L HEZR &, BIME T 8RB EEIRRIC
LA S ORI RO OHEFE DS K S FTREME DS 8 5 .

2) RIENZIZC O ET D EENINTI T DR OB IZFE S T, ATV OB - O OB E I3
YOI H D, L, 2O LIEER PO oRE R ERE VO RR S0, Bk
T2 - NAINRFIZIIT DKL O PR Z R STV D, 2o T, MRS T 2 B

I(?O

ZCIJO m

PR TR T TR TS SR U '

69X &M PN LTIk O HIT R HUTE (R 47 AR G, [ - MRS ST 0D 1/5,000 [ A & L7
HDTHD).
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DRESFINEBE T, HIREEDS, BV - B F iy S OV LTS O B8 U IR & 41 Tz 28, AR AL
BT 2 HHELHUROILRIC > T, BARIED DS OI0E RO R 7 & DA HIAF 12 SR HIRO M A3
HEHLSoH 0, WKZEMOBD EHE > THAKILEIC X D2HEDIREHEL TWD.

VI. 5. 2 $ERE

(IT):-F == F o

ARHRO Lt EEIZHEARTE 52T, 230, ZORNBSIEA THD O T, RO AL
PUNE L, KRR IR - BRAUER Y BTV, L L, SERIRCI T B/ BN
13, ERRE R A R R RS R I LM A iRk 0 o T ARt 7 E T LR LIFRAEL TV D
EUR RN JAUE, AR 6 TN I W CRHTD AR E T & STV D & 2 A1, BTN 47 4F8UE
#9140 EAT CREIEHIEAN) ICFEL TR Y, ZORMMIEREHFBLIOV 7 2MCchHE. Zhb
IIRE T OB E TR L L, ARRAEBEREOWELE LI LD TH Y, RHEIEEOFEREH
BRNEI —EICBE 22, EIREEE B T, W - BEE R O S BB BT A ik I 35 1 B
AR « EERRIUIZA 720 A8, TR K ORI A L& Ay A MU C U3 % < OHUR CTE DB ASED b b,
FRlZUea & v 7 ADOBEEREOZL VHNILIINGRETIE, £5 L ZAIPMRERARDOND.

F& LTRSS m L TrE, B 30 4R E CIRIRIERTARICE DAL T, I DR
FEE A ER N T2, RBRBARDEBI - T, ZOBEMITE T 2L HIL> TW

5.

70 RIS OEULIREE  (FEmETALHX) .



87

ey

ARHIRICITBAED & 2 A M0 FREHIE 228, ZEE I o [E 5 0T 2 8 & OB o skt
[~ B LR KIS AR E S, #BRHA A TR D0 7' e 7 (RRBEE ik HERGY) ool Tk
EHPKRTDIODTHEREPEENTND. TIUH KIROEE T EIRE BEOVREESIE N LR, fEE
DA XL E UL B IE OIF RIS 35 L Bbh s, AHBICIBW T, IEE TR
WZIEED & ZAITHIT Y TS~ Y PEAREE OB A58 S i, 1SITREAICHIT R HifE 2 2 LT
W5, 69 KNI, EEITEALH o NI HgIZ T 5, EEIRA I EORME A R LI D TH
% WA < BT S R EITIRE O IRMEREIIC Lo THEE S L, BRI A 2 L0 BT
1%, KIRZECRIE O AEIC & - TRIEBH OB - BESELTITOh, BERRABETL TS
RS pibig GETOK). FELOHT Y M L IRE OREIREIL, B VB OTeE A3 5549 2 #N
- Tk - B4 Mk o5,

VI. 5. 3 #MEKE

HIEDEE

AHUE O HIERGE T, BRI STV D HEIPH TIT R 20 b DO & BRVTEAYD 7203, HIFED
FEABEIIN 7R D REV, BB 7L IR IR RZE (FilRl, 1967) L OHERMER (REURICH, 1982) (TX
ST, BELI0FEMBELZHMBEO S b, BIRTHICE T AEBIE 4L LOBREEZRLEZ DO THS. 2
NOOHED S B, Wik 3240 A FFFEHE & BN 21 4 O FEE E 2 BRI, BIRILT =T B A
30-100 km OFPHICE L E -T2, FRITITRENTHARNA, FEITICBWTEE4ZTek LD
DIZHERN 2 4RO KJE) IR B 5. 55 71N\ T, MR OSEIEITEE 4 LIS 54RIC 1 1],
BESN20FEICLAEIOEIG Lo THDN, BEAU LN 1I0FERICTRREL TV IHBLHD. 72
B, KIZiImanThnss, BE 3 U EORAREITHEARE <, LEMIC1-6RIOEIG Lo
T3, BATR 334F (1900 4F) LIKEHEFN 57 45 % T 82 FERIIZ R 1T A HIEORA MR, B 4 DL B2
461F, RSN 16F L 70> T 53, BN 46 FFLAREHRAE (M 584E 8 H) £ TIX, B 4Ll L%
e, EHEDR Y Fs R e o TN 5.

BEDKHEDER

F & U TERRREE L BRMERIZESWT, MEDORIRIRKHE L HEERROME LR~ i
SRIZFR D B RO MR S 24 (1662 4F) 9 A O A MR ChH 5. & OWEITHAEDIERMTTA 5 AT
IR, {85 3,800, AL EUC LY, LR - e LJF - fRILZ: LI DB OAE b AE L. B
W ORTENIZ 4 2 PIT FBIRFR KT 1 11 DAERE) FBIIZ I LT MR B, WEMTIER - W - C
W5, ZOMBTMEERI DHEL TRE6LL HICEL TVt Bbhb.

BiE 424 (19094F) 11 A DHIERIZER LTI, MIZEDfE, BEORAT I L OBIR L OBEENL <, EHTT
TITHRIC AR A L U7z, W44 (19294F) 5 H OMIEE CIX, [H%8 - A - EAEOBEE, RO
HEPNAE U, B 64E (19314F) 11 A OHEIY, BMIZR> ThbLEKOWHEEL L7=6 L, SEEE L4
U, 2233 EE, BE - 2a%E0fEL Loz, Fio, B - BROTERCLHNIZEL D
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FTLX FIFICEB 285 100FEM O E e EBIE  (EEomRHE)
(EF R, 1967 K OH KA, 1982124#-3<)

BEEITRFEIC LY, BERKENNSEO—MHIL T L. BIRTHEOMRER VOB ClalgE
DFEBITEE T -T2 LIEA BN TV D, I 164F (19414F) 11 A OMIEEIT B b2 =R s 25 b0
C, BTN OB E LB D 22D o 1o B, ZEOFEOBECRARTE £ U, B ZEOHE0E
D Z R U,

WFn 36 4F (1961 4F) 2 H OMERIXFIRFE IS O B M4 i e LCHAL, BE4ALEE LTI
23 FLR 13RI Y, A S & LTI 16 LIS 20 - E Y ORHIE Th - 7-. FEOEMTI IS T
L<, 18- BIREORE, FE - 7 VEXEER EOBE, 7 v v 7 ROEE, 182F7 o0
B LTREEA TR, Eio, AERIKIEINEEO LT, EIRZEEEERORRRLIZE-T,
SR & DAZIE N —REEEET S 1172, BOWEITIEN D 7 <, HIEFRITEIRTAL CTHFICIEE - T
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W5, Ef, BT HLICEONTIEE RS, ABEE3AICIEE->TWD. BYT vy 7 Ciks
WOARENT, RIETRE TS < B ONT2Y, HEREMEMNTICET L, MBI TIEE A C R
BRO LN h o FITHER SND. Zods, BE (1961) I2 LUk, HFRATICHT 2 BEH RIRT X
FRHEH) OKESHEREE L, TABEH LTV, £, AMEHAORKRT ZFHOHTIL, 1L A
EZEHF ORETH 72 b O HIER 2-3 A LW AR S Th 2.

HWEKE & BB EIM LD hE

AR OOIE Y, ARHUIEIE 100 km AN O A R 2 B & 35 M 7 UL EOHIEIZE « BEEDI TV 5
B3, BLIC 2 FLARE AT 57 45 F T 3204ERTIE, HIEOMUKOEIGITITHEIN D 20 iE TRER L T 5.
FOHBE LTRO L) RRENREZ HND.

1) EHEALAMEEZRRLTVWADOT, BEME LTE, @EICHERE DD 220 72 ki 2 27
BEFTNRBRIDIOEIR ST e

2) KHEIVHEEOREZWERORMEZZIT TNDOT, RUEFICH X 2 BERAREFENER S
NTHY, AHILOKE - B EIHE L2 RERICEENTWZO T, ZIRARETH 7.

3) BRI LDBUK AR FEO L S ITRBRL TV DO T, EEAEE S D E TORERIT, %
SRAVICARIE M 2308 0 C PR RS OB M ST S5 245370 o 72

4) WBEORMTERHIIT 2 NOEEIIFHE T, #MOBERLIIHICIE, 1) -3) KRN D X572
PNEETRIFE ST e, BARZRIS, BIETT O N HIEBIUETIE 30 T ASESW TN 52, BRI
5-6 5 A\, Hfn 36 -2 KFTHI 16 T A TH o7z,

INHDH B ) & 3) IFHE L EBICRE L TRV, WY E TIOIER S v i I o ki
SHILTWD. L 2FEDOKHGERIZ LD, HReOWEHT NI OKEEIZ, KIEN A 25K 3 km #l>
TZ AR O WL o E O3 IASHENTE LC, TISH 1 km EFMIOBIEOEGALE D FRIRT L BEEO T
M AT & L CENENR R, BTG UEDO T E LR OE SR & 7> T D, AEHE L
ITEIBRENERTET D & 2 AT, MKYER F 10 mir 0o maik L 2> T s, B5 <, KiE Tl
WL LCHMEEE O bWt & LT, BRI Z ORI NSERIEN b D TH 5 H

MRS U CIHT AT RO B E A Ll i/ b 70 il & U C, Sl CIERERN 53 4R 0 s IR i i ER 12 35 1) 21l
B0, [HHERROORTERAET 6D, T720b5, AHEIC & 55EOEBE-CRHEY DR
BRI 72 & OB IS E T L7z oIzx LT, BiEE =R RN RIET D B RIS L Tz IA
MHEHICIIT 2 FROEEEILIT L A LR LT, MEMOKE b IRINBK Ch -7

HIRTIZ T D R0ED N AT L <, i IR G52 0 1R A Lo SMANZ JAFEEH IS 9Ek LT
BY, MHEOHRIC X 2R EMOEWSRERIYICEE] S C & - BRSO B icxt LT, BIED
ST W BE LTV A, KRIE94E (1920 4F) WIRIZ L5 577470 1 HBR Sl 12 Kiug, 4
REDTHHTHIR LI I 2 AR D HIFBAEL KE Bigo TS (HEET), 1981). T bbb, Y
DT TG 2 T & 92 ERURE - sPAS IR S, EPRIZIR 2 W0 - AL - A - BRI - V22
I - TP RO EUIRGE OEE R0 LTz, £z, BAEO B BEAHR CYRIEGE IR ShTun
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720N, BUEOBIGERA UL 2 & B I KGR OGS E 5 X, ERISF LT AR ORZE O E D
RIEN R OAHE 7R SITiEE & A SEENR 72, ZEHOKBHIAT & 72> Tz, S OEFEILT T
THE L OIS LTV 528, WifdE FIZIsT 5 B iR ERE LR O RS WK (55 57 X)) T
TWHEIICHALND.

2 HIEA (1975) I LU, REIT IR (18554F) M UBEHKHIEE (1923 4F) 12 & 2 HURIKE O ARIEF B
DOWEITHAR GBS TR Y, BIERICIEE (2 2 Crdiffm RIS IR R 2 3~ TE L)
DIEL, PO RIREOREENENE 25, T72bb, TITHICILOFAE AR O G/2 E
ICHEEPEFLTOD ZERHLMIER TV, HIRHE# T CIE, 20X 5 22/E iR RE N E
BRI L T2 & ZAIRHEAI D720, B8 IR EN D & 5 IL, Wik mHERIm % DR )E
HEB O FALITIE, JESHRIKR 50 mIZET D ek (PR ERHER) 235071 LT\ 5. B HER o
W & W E O NAEIE 10-40 Tdb 2703, MMEPFEFHIRHERY) O VeE O NEITIsstea 10 LT (EIRT, 1979)
THEHEBEICRT 2. £, KIEINTATT 2% « IR R OR EIRHHERDIE EICREA LY, T
RLO M- B MR HEREY) & OFE C2JE)E 30 m AR ICET DKIIRE A OM L CnD & Z A0 72 72
V. 2R, BRI (1979) 12 KAV, K@) RS HIFR) A REHE T, #kE5TRE 2 20 m ML Lo S ¢
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(Abstract)

The Miyazaki district is situated in the central part of Miyazaki Prefecture, Southern
Kyushu. The mountaineous area in the western district is mainly composed of the Shimanto
Supergroup of Cretaceous to Paleogene age. Hilly land and upland areas spread widely in the
district with the Neogene Miyazaki Group and the Pleistocene terrace deposits. The Aira
Pyroclastic Flow Deposits rest on one of the terrace deposits. The Alluvium forms the flood
plains along Oyodo Gawa and Kiyotake Gawa and their tributaries, and also the coastal
plains fronting on Hyuga Nada of the Pacific Ocean. The stratigraphic succession of the
district is summarized in Table 1.

SHIMANTO SUPERGROUP (CRETACEOQUSTO PALEOGENE)

The Shimanto Supergroup forms one of the major geotectonic divisions in southern Kytsha,
showing a zonal structure extending roughly in a NE-SW direction. The supergroup in the
district is divided into the following three formations; the Uchinohae Formation (Cretaceous) ,
the Yamanokuchi Formation (Paleogene) and the Aoidake Formation (Paleogene) in as-
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Geologic age

Stratigraphic division

Main rock facies

Flood plain deposits and coastal
H] . P . P Sand, gravel and mud
8 Alluvium plain deposits
<
= Alluvial terrace deposits Gravel, sand and mud
Buried deposits under - alluvial plain Mud and sand
Younger Terrace Deposits (V) Gravel
0
'§ Ito Pyroclastic Rhyolite pumice-tuff breccia partly
a ) Flow Deposits welded
L) Aira
Volcanics .
§ Osumi Pumice-fall Rhyolite pumice
3 Deposits yolite p!
X
2 é;n Younger Terrace Deposits (II) Gravel
<
£ 5
g © 2 Younger Terrace Deposits (1) Gravel, sand and clay
= @
<3 § Younger Terrace Deposits (I) Gravel, sand and clay
17]
3 .
oo} Tkeuchi Formation Gravel, sand and clay
@ Kugino Kariya Gravel, Gravel,
3
] Formatio Formation clay, sand clay, sand
qg; ton and tuff and tuff
i Kobayashi Sagise . i
§ Pumice Flow Pumice Flow ll:’umu:‘e tuff ll;’umu{e tuff
= Deposits Deposits recela reccia
Q
: Shika (Sagise Gravel and Gravel and
5 Formation Formation) Mud tuff
[«
Undivided higher terrace deposits Gravel, sand and tuff
Takanabe Formation Mudstone and sandstone
Sad F " Alternation of sandstone and mudstone,
adowara rormation sandstone and mudstone
: i dstone intercalated b;
2 Niinazume Formation Massive mu v
3 = sandstone and tuff
2 g
© [ 3 Urytno Formation Sandstone and mudstone
-1
@
o4 -5 Rhythmic alternation of sandstone
3 l = Ikime Formation v
=z s and mudstone, and sandstone
2 s
S g
2 Kamurano Formation Conglomerate, sandstone and alternation
= of sandstone and mudstone
Aya Formation Mudstone, alternation of sandstone
and mudstone, and sandstone
Tano Formation Conglomerate and sandstone
© B
-1 5 .
g e Aoidake Formation Sandstone, alternation of shale and
3 ol sandstone, and shale
i 2
=] .
n Yamanokuchi Formation Alternation of shale and- sandstone,
@ ° shale and sandstone
H 2
Q S .
% E Uchinohae Formation Basic rf)cks, shale, sandstone and
5 f alternation of sandstone and shale
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cending order. The Uchinohae Formation is bordered by the fault (Takaoka Thrust) from the
Y amanokuchi Formation which is also bordered by the fault from the Aoidake Formation.

The Uchinohae Formation is characterized by abundant submarine basic volcanic rocks.
The formation consists of the basic volcanic rocks, shale, sandstone, alternation of sandstone
and shale with subordinate phyllitic shale, siliceous shale and chert. The basic volcanic rocks
occur as basalt lava partly showing pillow structure, dolerite and pyroclastic rocks, and under-
went a low grade metamorphism of the prehnite-pumpellyite facies. The siliceous shale
contains radiolarian fossils indicating Cretaceous in age. The formation is offen sheared and
its general structural trend exhibits an arcuate alignment of NNE-SSW to NNW-SSE direc-
tion from north to south, with east dipping. The formation has many strike faults, with which
the formation can be subdivided into six zonal units. In each unit imbricated structure is
recognized. The zonal structure of the Uchinohae Formation together with the general struc-
tural trend is peculiar and scarcely found in other strata of the Shimanto Supergroup of
Kyushu.

The Y amanokuchi Formation is dominated by shale and thin-bedded alternation of shale
and sandstone. The basic volcanic rocks of the formation appear frequently in the neighboring
district, though the rocks are absent in this district. The formation in the district are disturbed
and scarcely indicate any zonal structure with common trend and dip. However, and indistinct
folding structure is seen in sporadically observed data of strike and dip of the strata.

The Aoidake Formation is composed of thick sandstone and alternating shale and sandstone.
The thick sandstone is frequently stratified and coarse-grained. Repetition of the thick sand-
stone layer and the alternated layers in the Aoidake Formation is found in the mountai neous
area of the southern adjacent district.

MIYAZAKI GROUP (NEOGENE)

The Miyazaki Group is one of the typical marine deposits of Neogene age in the Outer
Zone of Southwest Japan. The group forms the hilly lands and is seen in uplands all over the
Miyasaki Plain and in a part of the mountaineous area of the southern adjacent district. The
basal conglomerate of the group covers clino-unformably the Shimanto Supergroup. The
group islithologically characterized by alternating sandstone and mudstone, and by the mono-
clinic structures gently inclined eastwards to Hyuga Nada, with many faults. The apparent
thickness of the group is estimated to be more than 3,000 meters. The group has been econom-
ically important as producing natural fuel gas and accompanying water.

The Miyazaki Group in the district is divided into following eight formations; The Tano,
the Aya, the Kamurano, the Ikime, the Uryuno, the Ninazume, the Sadowara and the
Takanabe Formations in ascending order. In another way, the group is classified into three
parts: the lower, the middle and the upper, the lower part of the group is characterized by
basal conglomerate and unsorted sandstone in the Tano Formation, thick mudstone in the Aya
Formation, and thick conglomerate and sandstone in the kamurano Formation, The thick and
coarse conglomerate of the Kamurano Formation appears mainly near the top surface of the
concealed Shimanto Supergroup at the west of Miyazaki, and thins out towards the north and
south.
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The Ikime Formation is the middle part of the Miyazaki Group, and consists of rhythmic
alternation of sandstone and mudstone. The apparent thickness of the formation is estimated to
about 2,000 meters in the district. Diagnostic feature of the formation is graded bedding in
cyclic sedimentation of the sandstone beds and mudstone beds. Thickness of each bed is from
several centimeters to several ten centimeters. These dternating beds are further distinguished
into two varieties of alternation based on relative abundance of sandstone to mudstone: one is
with thin-bedded mudstone (sandstone rich) and the other is with thin-bedded sandstone
(mudstone rich) . The lower half of the Ikime Formation is generally with sandstone rich variety
of alternation, and the upper half is with mudstone rich one. The large scale exposure of the
rhythmic alternation is seen on the wave cut bench and cliff along the Nichinan coast to the
south of this district where is quite well-known as a scenic spot in Japan.

The last four formations forming the upper part of the group are distributed to the north of
Oyodo Gawa. Dominant rock facies of each formation is as follows: thick sandstone followed
by interstratified mudstone in the Uryuno Formation; massive mudstone followed by inter-
colated beds of tuff and sandstone in the Niinazume Formation; alternated sandstone and mud-
stone in the Sadowara Formation; mudstone followed by intercalated sandstone in the
Takanabe Formation.

These formations of the upper part of the Miyazaki Group are scarcely marked with graded
bedding and cyclic sedimentation, and consolidation of the sandstone is |oose as compared
with that of the underlying formations such as the Ikime Formation. In this connection, a
set of the Uryuno Formation represented by sandstone rich variety of alternation and the
Niinazume Formation represented by massive mudstone provides reasonal ble reservoir rocks
and the cap rocks for the natural gas, respectively, under- neath the coastal plain in the

northeastern district.
QUATERNARY

The Quaternary deposits are widely distributed in the district and are composed of the fol-
lowing deposits; the older terrace deposits, the younger terrace deposits, the buried deposits
under alluvial plain, Hyuga Loam and Alluvium in ascending order. Besides the Alluvium,
most of the deposits belong to Pleistocene in age.

The older terrace deposits are divided into several formations and deposits as shown in
Table 1. The Ikeuchi Formation is distributed in the northeastern district, and the others are
in the western district. Most of the older terrace deposits remain on the ridges of hills and
mountains. The Sagise Pumice Flow Deposits and a part of Kariya Formation, however,
situated in the lowland area of Tano, southwestern district, forming a probable basin structure.
The lkeuchi Formation forms the flat plain on the ridges of hills, and its interbedded clay is
utilized for pottery material. The muddy sediments of the two formations of the Kariya and the
Ikeuchi contain some marine fossils of mollusca and trace.

The younger terrace deposits spread widely in the destrict, and are divided into several
deposits as shown in Table 1. The younger terrace deposits (1) are on the ridges of hills, and the
other deposits form many river terraces along two water systems of Oyodo Gawa and Kiyotake
Gawa. Buried terraces are found under the alluvial plain in the central part of Miyazaki shi,
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and are likely to correspond to the some river terraces.

The AiraVolcanic Products forming a part of the younger terrace deposit are derived from
AiraVolcano which iswell-known in the world for its gigntic calderalocating in the northern
part of Kagoshima Wan, about 80 km southwest from Miyazaki shi. The products are the
Osumi Pumice fall Deposit and the Ito Pyroclastic Flow Deposit in ascending order. The Ito
Pyroclastic Flow Deposit consists of rhyolitic welded tuff and rhyolitic pumice-tuff breccia.
The non-welded and fragile part of the deposits is popularly called “Shirasu” , which literally
means white sand , and the weled part is called “Hai-ishi”, which is utilized for building stone
as stone wall.

Areal extent of the buried deposits under alluvial plain has been determined by synthesizing
many underground data obtained from boring for construction. The deposits are composed of
basal gravel, mud and sand fill up the buried valleys and terraces, and are covered by the
alluvium. The lower and middle parts of the deposits consist mainly of soft mud, ranging up to
50 meters in thickness. The bottom of the buried valleys filled up by the depositsis located
about 60 meters below sea level in the heart of Miyazaki shi, and to the west increases its level
to about 30 meters at the junction of Oyodo Gawa and Honjo Gawa.

The Hyuga Loam consists of accumulated layers of volcanic ashes erupted from Kirishima
Volcano. The loam is not shown on the geological sheet map, because it covers, only as athin
carpet, widely most of the Pleistocene deposits and its basement formations.

The Alluvium forms the alluvial plain and is tentatively subdivided into three deposits of the
alluvial terrace, the flood plain and the coastal plain. The later two deposits are further sub-
divided into several deposits as shown on the geological sheet map. The central part of Miyazaki
shi is developed on the alluvial terrace deposits which are underlain by the buried deposits under

alluvial plain.

ECONOMIC AND ENVIRONMENTAL GEOLOGY

The Neogene Miyazaki Group produces abundant natural gas dissolved in water. Recently
two natural gas fields in Sadowara and Miyazaki have successfully been developed in the dis-
trict. The Sadowara Gas Field started its operation in 1972, and now it supplies fuel gas to the
public in Miyazaki Shi. The Sadowara Gas Field is extended in a wide area covering the
northeastern district to the southeastern part of the northern neighbouring district.

Production capacity of the natural gas reaches up to 12,400 m3N/day from the whole area of
the Sadowara Gas Field, and about 1,000 m3N/day from the Miyazaki Gas Field at present.
The natural gasis mainly composed of methane gas, with small amounts of a few heavy hydro-
carbon and carbonic acid gas. Volume percentage of the methane gas is over than 98 in the
Sadowara Gas Field and over than 90 in the Miyazaki Gas Field. Reservoir rocks of the natural
gas belong to two horizonds; one is the conglomerate and sandstone beds of the Tano Forma-
tion in the Miyazaki Gas Field, and the other is the loose sandstone beds of the Uryuno Forma-

tion in the Sadowara Gas Field.

Once, two metal mines were operated on a small scale in the Takaoka mountains in the west-
ern district. One is manganese mine, of which ore deposits occurred in the Uchinohae Forma-
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tion and seems to be germinated in relation to the basic volcanic rocks of the formation. The
other is antimony mine, of which ore deposits occurred in the Y amanokuchi Formation. In the
Y amanokuchi Formation the antimony ore deposits were known at several portionsin the
adjacent district. It has been considered that antimony ore deposits are germinated in relation
to the igneous activity of acidic rocks such as granite porphyry, however, such acidic rocks are
not found in those areas. All of these metal mines had quitted their operations formarly.

The water systems of Oyodo Gawa and Kiyotake Gawa possess a large amount of water
resources throughout the year, and give positive influences upon people and natural environ-
ment. Stream flows in dry seasons are kept by the discharged water from the rock bodies in the
watersheds. The water abundance of Oyodo Gawa and Kiyotake Gawa in the low-water season
is mainly brought by the discharge from “Shirasu” areas, possessing large specific discharge
compared with other rocks. In this connection, the specific discharges in the low-water season
are estimated to be 0.0238 m3/sec/km? at the middle reach of Oyodo Gawa in the district,
0.013 m3/sec/km? at the lower reach of Honjo Gawa of which watershed is mainly compo-
sed of the Shimanto Supergroup, and 0.03 m3/dec/km? at the upper reach of Oyodo Gawa
of which watershed is mainly composed of “Shirasu” .

Gravel beds of the flood plain deposits along streams of Oyodo Gawa, Honjo Gawa and
Kiyotake Gawa, yield abundant groundwater. The quantity of the underflow in the gravel
beds along Kiyotake Gawa is estimated to amount to 0.43 m3/sec. The groundwater discharge
from a well is capable to produce 6,000 to 7,000 m3/day at a riverside of lower reach of
Kiyotake Gawa.

The district has been so frequently struck by typhoons every year. The typhoons supply a
large amount of water to the ground as surface water and ground-water, but often cause floods
along therivers and landslides on the slope of mountains and hills and on the cliff of “Shirasu”
upland.

Earthquakes have frequently occurred around the district, however, extreme damage was
not reported except the one occurred in 1662 (Kambun 2) . The recent earthquake happened
in 1961 (Showa 36), and then the road, railway and airport were damaged, however people
and buildings could escape from fatal damage. Epicenters of the past earthquakes are mostly
located under the sea bottom of Hyuga Nada. During the last twenty years any marked earth-
guake has not occurred, thus suggesting long duration of quiet time compared to the past oc-
currences.
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